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CHEMIOAT. COlyrPnt nvfno 

The present invention relates to qninazoline derivatives for use in the treatment of 
dtsease in particular proliferative diseases sueh as cancer and in the preparation of 
. 5 -^ntsfornseinthetreatmentofptohf^^^ 

preparation, as we D as pharmaceutical compositions containing them m Mve ingredien( 
Cancer (and other hyperptoliferative diseases) are characterised by uncounted 
cellular ptotiferation. This toss of the nonnai relation of ceil probation often appears to 

.o XI ~* of *"* 10 ceUu,ar pa * ways ** mnao} ~ "» 

In eukatyotos, an ordered cascade of protein phosphoryiation is thought to control the 
-0 cycle. Several families o, protein kinases ma, p,ay critica, roies in tins cascade have now 
been tdentifted. The activity of many of these kinases is increased in human ,«» when 

compareti.ononnaftiss^.Thiscanoccurbyeimerincreaseri.eveisofexpressionofthe ' 
protem (as a restti. o, gene amplification for example), or by changes in expression of co 
activators or inhibitory proteins. 

the cychn dependent kinases (or CDKs). Activity of specific CDKs a. specific times is 
^entia, for bom initiation and coordinated progress througb me ^ cycle . ^ example> ^ 
CDK4 protem appears to control entry into the cell cycle (the O0-O1-S transition) by 
Phosphorylating me retinoblastoma gene preduc, p R b. This stimulates the release of the 
transection factor EiPftompRb, which then acts to increase the transcription of genes 
necessary for entry into S phase. The catalytic activity o, CDK4 is stimulated by binding to a 
25 tinsc^l ^ ro * e * n * Cyclin D. One of the first demonstrations of a direct link between cancer and 

D ^ T r m " de ^ * M ^ D1 — Was -d cyclin 

PTOtem ' eVelS ' nCreaSed (and ten ~ - «**, of CDK4 increased) in many human 

^ 1 ^^;3 vi :^n i : She,r • l " 6< science m - i6m677; »-+ »*■ - <=— 

e,7T 9 "J •^^^^^••'^•^^"^^^Z.^Oemma 
et al., 1996, International Journal of Cancer 68(5): 605-1 1; Elledge etal. 1996 Trends in Cel. 

30 Biology 6 ; 3 88 .39 2 )haveshow„ma t ne g ativeregu,atoreofCBKfu„ctio„^Ct 

dow^regulatod or deleted in human turnout* again leading to inapprep^ acavation of ffiese 
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More recently, protein kinases that are structurally distinct from the CDK family have 
been identified which play critical roles in regulating the cell cycle and which also appear to 
be important in oncogenesis. These include the newly identified human homologues of the 
Drosophila aurora and S.cerevisiae Ipll proteins. The three human homologues of these 
5 genes Aurora-A, Aurora-B and Aurora-C (also known as aurora2, auroral and aurora3 
respectively) encode cell cycle regulated serine-threonine protein kinases (summarised in 
Adams et aL, 2001, Trends in Cell Biology. 11(2): 49-54). These show a peak of expression 
and kinase activity through G2 and mitosis. Several observations implicate the involvement 
of human aurora proteins in cancer. This evidence is particularly strong for Aurora-A. The 

10 Aurora-A gene maps to chromosome 20ql3, a region that is frequently amplified in human 
tumours including both breast and colon tumours. Aurora-A may be the major target gene of 
this amplicon, since Aurora-A DNA is amplified and mRNA overexpressed in greater than 
50% of primary human colorectal cancers. In these tumours Aurora-A protein levels appear 
greatly elevated compared to adjacent normal tissue. In addition, transfection of rodent 

15 fibroblasts with human Aurora-A leads to transformation, conferring the ability to grow in soft 
agar and form tumours in nude mice (Bischoff et aL, 1998, The EMBO Journal. 17(11): 3052- 
3065). Other work (Zhou et aL, 1998, Nature Genetics. 20(2): 189-93) has shown that 
artificial overexpression of Aurora-A leads to an increase in centrosome number and an 
increase in aneuploidy, a known event in the development of cancer. Other work has shown 

20 an increase in expression of Aurora-B (Adams et aL , 2001 , Chromsoma. 1 10(2):65-74) and 
Aurora-C (Kimura et al, 1999, Journal of Biological Chemistry, 274(11): 7334-40) in tumour 
cells when compared to normal cells. 

Importantly, it has also been demonstrated that abrogation of Aurora-A expression and 
function by antisense oligonucleotide treatment of human tumour cell lines (WO 97/22702 

25 and WO 99/37788) leads to cell cycle arrest and exerts an antiproliferative effect in these 
tumour cell lines. Additionally, small molecule inhibitors of Aurora-A and Aurora-B have 
been demonstrated to have an antiproliferative effect in human tumour cells (Keen et al 2001, 
Poster #2455, American Association of Cancer research annual meeting). This indicates that 
inhibition of the function of Aurora-A and/or Aurora-B will have an antiproliferative effect 

30 that may be useful in the treatment of human tumours and other hyperproliferative diseases. 
Further, inhibition of Aurora kinases as a therapeutic approach to these diseases may have 
significant advantages over targeting signalling pathways upstream of the cell cycle (e.g. those 
activated by growth factor receptor tyrosine kinases such as epidermal growth factor receptor 
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(EGFR) or other receptors). Since the cell cycle is ultimately downstream of all of these 
Averse signalling events, cell cycle directed therapies such as inhibition of Aurora kinases 
would be predicted to be active across all proliferating tumour cells, whilst approaches 
directed at specific signalling molecules (e.g. EGFR) would be predicted to be active only in 
5 the subset of tumour cells which express those receptors. It is also believed that significant 
'cross talk" exists between these signalling pathways meaning that inhibition of one 
component may be compensated for by another. 

A number of quinazoline derivatives have been proposed hitherto for use in the 
mhxbxtion of Aurora kinases. For example, WO 01/21594, WO 01/21595 and WO 01/215968 
10 describe the use of certain phenyl-quinazohne compounds as Aurora-A kinase inhibitors 
winch may be useful in the treatment of proliferative diseases and WO 01/21597 disclose* 
other quinazoline derivatives as inhibitors of Aurora-A kinase. Additionally, WO 02/00649 
chscloses quinazoline derivative bearing a 5-membered heteroaromatic ring where the ring is 
^particular, substituted thiazole or substituted thiophene. However despite the compounds ' . 
15 ° f WO 02/00649 mere still exis^^ 
inhibitory properties. 

The applies tave been SUC ces sM to ftodtag a novel series of compounds whieh 
•dote the effects of the Aurora kinases and to particular Aurora-A kinase and/or Aurora-B 
kinase which a* thus of use to the treatment of proliferative diseases such as cancer in 
20 particnlar in such diseases such as colorectal, breast or pancreatic cancer where Aurora 
ktnases are known to be active. The compounds.may also be useful in the treatment of 
leukaemia. 

According to one aspect of the present invention there is provided a compound of 
formula (I) 



R1 



25 




formula (1) 
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or a salt, ester or prodrug thereof; 
where: 

XisOorNR 6 ; 

R 6 is hydrogen or Ci^alkyl; 
5 R 1 is hydrogen, halo, or -X^ 1 1 ; 

X 1 is a direct bond, -O-, -NH- or -N(Ci. 6 alkyl)-; 

R u is hydrogen, heterocyclyl or a group selected from C^alkyl, C 2 -6alkenyl, C 2 . 6 alkynyl, 

6 cycloalkyl and C 3 -6cycloalkenyl where the group is optionally substituted by heterocyclyl, 

halo, hydroxy, Ci. 4 alkoxy or-NR 9 R 10 ; 
10 R 2 is hydrogen, halo, nitro, cyano or -X 2 R 12 ; 

X 2 is a direct bond, -O-, -NH- or -N(Ci^alkyl)-; 

R 12 is hydrogen, heterocyclyl or a group selected from aryl, d^alkyl, C 2 . 6 alkenyl, C 2 .6alkynyl, 
C^cycloalkyl and Q^cycloalkenyl where the group is optionally substituted by aryl, 
heterocyclyl, halo, hydroxy or-NR 15 R 16 ; 
15 R 3 is hydrogen, halo or -X 3 R 13 ; 

X 3 is a direct bond, -CH 2 =CH 2 -, -O-, -NH- or -N(Ci. 6 alkyl)-; 

R 13 is hydrogen, heterocyclyl or a group selected from Ci^alkyl, C 2 -6alkenyl, C^alkynyl, C 3 . 

*7 ft 

6 cycloalkyl and C 3 . 6 cycloalkenyl where the group is optionally substituted by -NR R , 
heterocyclyl, halo, hydroxy or C^alkoxy; 

20 R 7 and R 8 are independently selected from hydrogen, heterocyclyl, Cm$alkyl, hydroxyCi. 
6 alkyl, Ci- 3 alkoxyCi. 6 alkyl, C 3 . 6 cycloalkyl, C 3 . 6 cycloalkylCi- 3 alkyl, hydroxyC 3 . 6 cycloalkyl, 
hydroxyCi-4allcylC 3 .6cycloalkyl, hydroxyC 3 . 6 cycloalkylCi- 3 alkyl, Ci- 3 alkoxyC 3 . 6 cycloalkyl, Ci- 
3 aIkoxyC 3 . 6 cycloalkylCi. 3 alkyl, haloCi^alkyl, haloC 3 ^cycloalkyl, haloC 3 . 6 cycloallcylCi. 3 alkyl, 
C 2 - 6 alkenyl, C 2 . 6 alkynyl, cyanoCi^alkyl, aminoCi^alkyl, Ci. 3 alkylairdnoCi^alkyl and di(Ci. 

25 3 alkyl)aminoCi.6alkyl; 

or R 7 and R 8 together with the nitrogen to which they are attached form a heterocyclic ring 
which ring comprises 4 to 7 ring atoms of which one is nitrogen and of which another is 
optionally selected from N, NH, O, S, SO and S0 2 , and which ring is optionally substituted on 
carbon or nitrogen by 1 or 2 groups independently selected from Q^alkyl, hydroxy, Ci. 

30 4 alkoxy, hydroxyCi^alkyl, hydroxyCi^alkoxyCMalkyl and C^alkoxyCi^alkoxy, and where a 
ring -CH 2 - is optionally replaced with -C(O)-; 
R 4 is selected from hydrogen, halo or -X 4 R 14 ; 



100117 



-5- 

X 4 is a direct bond, -O-, -NH- or -N(Ci^alkyl)-; 

R 14 is selected from hydrogen, C^alkyl, C^alkenyl and C^alkynyl; 

R*is aryl or heteroaryl optionally substituted by 1, 2 or3 substituents independently selected 
from halo, hydroxy, cyano, nitro, amino, C^alkylamino, di(C^alkyl)amino, C^alkyl C 2 
5 4 alkenyl, C^alkynyl, C^alkoxy, CONHR 17 , NHCOR 18 and S( 0)l R'> where p is 0, 1 or 2- 
R , R , R 5 and R 16 are independently selected from hydrogen, C^alkyl, C^cycloalkyl C 3 
acycloalxylQ.alkyl, hyd*>xyC, 6 alkyl, halo Cl ,alkyl, aminoQ.alkyl, C^alkylaminoC^allcyl 
and di(Ci. 6 alkyl)aminoCi^alkyl; 

R 17 , R 18 and R» are independently selected from hydrogen, C^alkyl, C 3 . 6 cycloaIkyl C 2 
10 4 alkenyl and C 2 ^alkynyl. 

la a further aspect the present invention provides a compound of formula (IA) 

N -\ H 




R5 



formula (IA) 

where X, R 1 , R 2 , R 4 and R s are as defined in relation to formula (I) and 
15 R 3 ' is hydrogen, halo or -X 3 'R 13 '; 

X 3 ' is a direct bond, -CH 2 =CH 2 -, -O-, -NH- or -N(C^alkyl)- ; 

R 13 ' is a group selected from C^alkyl, C 2 . 6 alkenyl, C^alkynyl, C 3 . 6 cycloalkyl and C 3 
ecycloalkenyl where the group is substituted by -NR 7 'R 8 '; 
R 7 ' and R 8 ' are independently selected from hydrogen, heterocyclyl, Cl 6 alkyl 
phosphonooxyC^alkyl, C, 3 alkoxyC^alkyI, phosphonooxyC^alkoxyC^alk* 
6 cycloalkyl, C, 6 cycloalkylC, 3 alkyl, phosphonooxyC 3 .cycloalkyl, phosphonooxyQ.alkylQ 
.cycloalkyl, phosphonooxyC 3 .cycloalkylC, 3 alkyl, CaalkoxyC^cycloalkyl, Cl 3 alkoxyQ 
acycloalkylQ.alkyl, haloC^alkyl, haIoC, 6 cycloalkyl, haloC, 6 cycloalkylC, 3 alkyl C 2 
.alkenyl, C 2 ,alkynyl, cyanoC^alkyl, aminoC^alkyl, Q.alkylaminoC^alkyl and di( Cl 
sa^yDaminoQ.alkyl; provided that at least one of R 7 ' and R 8 ' contains a phosphonooxy" 
substituent; J 
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or R 7 ' and R 8 * together with the nitrogen to which they are attached form a heterocyclic ring 
which ring comprises 4 to 7 ring atoms of which one is nitrogen and of which another is 
optionally selected from N, NH, O, S, SO and S0 2 , and which ring is substituted on carbon or 
nitrogen by 1 or 2 groups independently selected from phosphonooxy, phoshonooxyCi^alkyl 
5 and phosphonooxyCi^alkoxyC^alkyl, and where a ring -CH 2 - is optionally replaced with a - 
C(O)-. 

In this specification the term alkyl when used either alone or as a suffix or prefix 
includes straight-chain and branched-chain saturated structures comprising carbon and 
10 hydrogen atoms. References to individual alkyl groups such as propyl are specific for the 
straight-chain version only and references to individual branched-chain alkyl groups such as 
terf-butyl are specific for the branched chain version only. An analogous convention applies 
to other generic terms such as alkenyl and alkynyl. 

Cycloalkyl is a monocyclic alkyl group, and cycloalkenyl and cycloalkynyl are 
15 monocyclic alkenyl and alkynyl groups respectively. 

The prefix C m _ n in C m - n alkyl and other terms (where m and n are integers) indicates the 
range of carbon atoms that are present in the group, for example Ci- 3 alkyl includes Cialkyl 
(methyl), C 2 alkyl (ethyl) and C 3 alkyl (propyl or isopropyl). 

The terms C m . n alkoxy comprise -O-C^nalkyl groups. 
20 The term halo includes fluoro, chloro, bromo and iodo. 

Aryl groups may be monocyclic or bicyclic. 

Unless otherwise stated heteroaryl groups are monocyclic or bicyclic aromatic rings 
containing 5 to 10 ring atoms of which 1, 2, 3 or 4 ring atoms are chosen from nitrogen, 
sulphur or oxygen where a ring nitrogen or sulphur may be oxidised. 

25 Heterocyclyl is a saturated, partially saturated or unsaturated, monocyclic or bicyclic 

ring containing 4 to 7 ring atoms of which 1, 2 or 3 ring atoms selected from nitrogen, sulphur 
or oxygen, which may be carbon or nitrogen linked, wherein a -CH 2 - group can optionally be 
replaced by a -C(O)-; wherein a ring nitrogen or sulphur atom is optionally oxidised to form 
the N-oxide or S-oxide(s); wherein a ring -NH is optionally substituted by acetyl, formyl, 

30 methyl or mesyl; and wherein a ring is optionally substituted by 1 or 2 groups selected from 
Ci_4alkyl, C^alkoxy, hydroxyCi^alkyl, hydroxy and haloC^alkyl. When heterocyclyl is 
used within the definition of R 3 , in one aspect of the invention it is a saturated monocyclic 
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nngcontaim„g4,o7nng atoms of which 1 «2 ran I ta8auild , te4e 
substituted by Q^lkyl, hydroxyC,.,aIkyl and hydroxy. * 

ohosnh Ph0SPhO " OOXy " in ° ne 3 ° f « ^(OXOH^. However the tem 
phos honooxy ^ includes salts sucfc „ ^ fomed w;th ™ 

Th.s spec.fica.ion also makes use of severai composite terms to describe groups 

— ^-^^^h^^^bemte^.^elodm 
« ^ reXmP,eC -« C »»^^-.„a lk y 1 ^^^^^ 

10 ., , rt? M ^ nSaCM ^'^ UP * aUSSUbsfltotedb ^- 2 °'3ha I os„bs«ih I en t s 
Similarly, haloC„. n cycIoalkyI and haloC m .cvcloalkvlr .iwh »^wents. 
halosnbsdmenis. <=»-cyoloalkylQ nHia i kv i gronps may contain 1, 2 or 3 

HydroxyC^aUcyl is a C^alkyl group ^ is subsMtuted 

^^^-^HsaC^alkylgroupthatissubstimtedbyl^orSO.alkoxv 
substituenls. Similarly C alww „ . ., . ^".auroxy 

m'my.^alkoxyC^ycIoalkylandC^alkoxyC^cycloalkylC alkvl 
groups may contain 1, 2 or 3 C^alkoxy subsfituents. 

^ 01>tionals « bs ' i '«-«arechosenf n ,m 1 or2orftr,m 1 ,2,or3gro„psor 
fmmoneormespertfiedgmupsu^ 

so for example propyl includes prop-i-yi and prop-2-yl 

" soft ^Zr 0,AeP ^ n,toVena0nhaVeb ^^^*ea 1 do,computer 
software (ACD/Name version 6.6 or ACD Name Batch version 6 0) 

fc r <j£ r^r* propy1, isopropyi - bu,A - d -»*«* 

30 foremen* t^C^T ' ^ 

waiynyi. ethyny]) propargy , md j^.^,. 

for C^alkynyl: c^kynyl, pen,-4-ynyl and 2-me.hyipent-4.yny,, 
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for Q^cycloalkyl: cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl; 

for C 3 . 6 cycloalkenyI: cyclobutenyl, cyclopentenyl, cyclohexenyl and cyclohex-1 ,4- 

dienyl; 

for C 3 -6cycloalkylCi. 3 alky]: cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, 
5 cyclopropylethyl and cyclobutylethyl; 

for Ci. 4 alkoxy: methoxy, ethoxy, propoxy, butoxy and tert-butoxy; 

for Ci. 3 alkoxyCi^alkyl: methoxymethyl, methoxyethyl, methoxypropyl and ethoxyethyl; 
for Ci- 3 alkoxyCi_ 6 alkyl: Ci- 3 alkoxyCi^alkyl, methoxybutyl and ethoxybutyl; 
for Ci. 3 alkoxyC 3 -6cycloalkyl: methoxycyclobutyl, methoxycyclopentyl and ethoxycyclopentyl; 
10 for Ci_ 3 alkoxyC 3 . 6 cycloalkylCi- 3 alkyl: methoxycyclobutylmethyl and 

methoxycyclopentylmethyl; 
for Ci. 4 alkoxyCi^alkoxy: methoxymethoxy, methoxyethoxy and ethoxyethoxy; 
for hydroxyCi- 4 alkyl: hydroxymethyl, 2-hydroxyethoxy and 3-hydroxypropoxy; 

for hydroxyCi. 6 alkyl: hydroxyCx^alkyl, 3-hydroxypentyl and 6-hydroxyhexyl; 

15 for hydroxyC 3 _6cycloalkyl: 2-hydroxycyclopropyl, 2-hydroxycyclobutyl and 2- 

hydroxycyclopentyl; 
for hydroxyC 3 . 6 cycloallcylCi. 3 alkyl: 2-hydroxycyclopropylmethyl and 2- 

hydroxycyclobutylmethyl; 
for hydroxyCi^alkylC 3 . 6 cycloalkyl: l-(hydroxymethyl)cycl9pentyl; 
20 forhydroxyCi. 4 alkoxyCi-4alkyl: 2-(2-hydroxyethyl)ethyl; 

for haloQ^alkyl: chloromethyl, trifluoromethyl and 3,3,3-trifluoropropyl; 

for haloC 3 . 6 cycloallcyl: 2-chlorocyclopropyl and 2-chlorocyclobutyl; 

for haloC^cycloalkylCi^alkyl: 2-chlorocyclopropylmethyl and 2- 

chlorocyclobutylmethyl; 
25 for cyanoC 1 . 4 allcyl: cyanomethyl and 2-cyanoethyl; 

for aminoCi. 6 alkyl: aminomethyl, 2-aminoethyl, 2-aminopropyl and 4-aminobutyl; 

for Ci. 3 alkylaminoCi. 6 alkyl: 2-(methylamino)ethyl and 3-(ethylaminopropyl); 

for diCCi^alkyOaminoCj^alkyl: 2-(dimethylamino)ethyl 2-[methyl(ethyl)amino]ethyl and 

2-(diethylamino)ethyl; 

30 for Ci. 6 alkylamino: methylamino, ethylamino, propylamino and isopropylamino; 

for diCd-ealkyOamino: dimethylamine, methyl(ethyl)amino and diethylamino; 
for aryl: phenyl and naphthyl 
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for heteroaryl: foryi, thienyl, pyrrolyl, pyrazolyl, pyridyl, pyrazinyl, 

pyridazinyl, pyrimidinyl, quinazolinyl and quinolinyl 
for heterocyclyl: pytTolidinyl> ^ dazolidinyl; piperidinyl> pipeia2iny]> 

azepanyl, diazepanyl, pyridyl, imida2olyl,.tetrahydrofuranyl, 
5 tetrahydropyranyl, furanyl, pyranyl, tetrahydrothienyl, thienyl, 

tetrahydro-2H-pyranyl and morpholinyl. 
for phosphonooxyC a . 6 alkyl: phosphonooxymethyl and 2-phosphonooxyethyl- 
for phosphono 0 xyC3.cycloalkylC, 3 alkyl: 2-phosphonooxycyclopropylmethyl and2- 

phosphonooxycyclobutylmethyl- 
10 forphosphonoox y C, J1 alkylC3. s c J ,cloal l!yl : l-(pho S ph m ooxymett,yl)cyc lo pe„tyl- 
forphosphonooxyC.^koxyC^alkyl: 2-(2-hydroxyethoxy)e<hyl. 

Within the present invention, it is to be understood that, insofar as certain of 
compounds of formula (I) or formula OA) herein defined may exist in optically active or 
racemtc forms by virtue of one or more asymmetric carbon or sulphur atoms, the invention • 
.5 mcludes in its definition any such optically active orracemio form which possesses aurora '. 
kmase inhibitory activity and in particular Aurora-A and/or Aurora-B kinase inhibitory 
activity. H,e synthesis „, optically active forms maybe carried outbyaandard techniques of 
organic chemistry weti known in the art, for example by syttthesis ftom optically active 
stertingmaterialsorbymsolntionofaracemicfom, Similarly, me above-mentioned activity 
20 may be evaluated using the standard laboratory techniques referred to hereinafter 

Within the present invention it is to be understood that a compound of formula (I) or 
formula OA) or a salt thereof may exhibit the phenomenon of .automatism and that the 
formulae drawings within this specification can represent on.y one ofthe possible tautomeric 
forms, n-tobeunderstoodmatmemvenfionencompasaesanytautomericformwhlchhaa 
25 Aurora kinase inhibitory activity and in particular Aurora-A and/or Aurora-B kinase inhibitory 
acuvrty and is not to be limited merely to any one tautomeric form utilised within the 
formulae drawings. 

It is also to be understood tha, certain compounds of formula CD or formula (IA) and 
salts thereof can exist in solvated aa weU as unsolvated forms such as. for exampie, aydrated 

forms. to be understood ,hat me invenrionencompaasesaU such solvated forms which 
have Aurora kinaae inhibitory activity and in particular Aurora-A and/or Aurora-B kinase 
inhibitory activity. 
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The present invention relates to the compounds of formula (I) or formula (IA) as 
hereinbefore defined as well as to the salts thereof. Salts for use in pharmaceutical 
compositions will be pharmaceutically acceptable salts, but other salts may be useful in the 
production of the compounds of formula (T) or formula (IA) and their pharmaceutically 
5 acceptable salts. Pharmaceutically acceptable salts of the invention may, for example, include 
acid addition salts of compounds of formula (I) or formula (IA) as hereinbefore defined which 
are sufficiently basic to form such salts. Such acid addition salts include but are not limited to 
furmarate, methanesulphonate, hydrochloride, hydrobromide, citrate and maleate salts and 
salts formed with phosphoric and sulphuric acid. In addition where compounds of formula (I) 

10 or formula (IA) are sufficiently acidic, salts are base salts and examples include but are not 
limited to, an alkali metal salt for example sodium or potassium, an alkaline earth metal salt 
for example calcium or magnesium, or organic amine salt for example triethylamine, 
ethanolamine, diethanolamine, triethanolamine, morpholine, Af-methylpiperidine, N- 
ethylpiperidine, dibenzylamine or amino acids such as lysine. 

15 The compounds of fonnula (J) or formula (IA) may also be provided as in vivo 

hydrolysable esters. An in vivo hydrolysable ester of a compound of formula (I) or formula 
(II) containing carboxy or hydroxy group is, for example a pharmaceutically acceptable ester 
which is cleaved in the human or animal body to produce the parent acid or alcohol. Such 
esters can be identified by administering, for example, intravenously to a test animal, the 

20 compound under test and subsequently examining the test animal's body fluid. 

Suitable pharmaceutically acceptable esters for carboxy include Ci^alkoxymethyl 
esters for example methoxymethyl, Ci^alkanoyloxymethyl esters for example 
pivaloyloxymethyl, phthalidyl esters, C 3 -8CycloalkoxycarbonyloxyCi_ 6 alkyl esters for example 
1-cyclohexylcarbonyloxyethyl; l,3-dioxolen-2-onylmethyl esters for example 

25 5-methyl-l,3-dioxolen-2-onylmethyl; and C^alkoxycarbonyloxyethyl esters for example 
1-methoxycarbonyloxyethyl and may be formed at any carboxy group in the compounds of 
this invention. 

Suitable pharmaceutically-acceptable esters for hydroxy include inorganic esters such 
as phosphate esters (including phosphoramidic cyclic esters) and oc-acyloxyalkyl ethers and 
30 related compounds which as a result of the in-vivo hydrolysis of the ester breakdown to give 
the parent hydroxy group/s. Examples of a-acyloxyalkyl ethers include acetoxymethoxy and 
2,2-dimethylpropionyloxymethoxy. A selection of in-vivo hydrolysable ester forming groups 
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fer hydroxy include C.-.oalkanoyl, for example fonnyl, aee«y I; benzyl; phenylacetyl; 
seated benzoyl and phenylacetyl, C,- 10 aJkoxycarbonyl (to give alkyl carbonate eaters) f or 
example ethoxycarbonyl; m-C, -^carbamoyl and AKm-C.-.alkylanmroethyl)-*- 
C,- 4 alkylearbamoyl (to give carbamates); m-C,- 4 alkylammoacetyl and carooxyacetyl 
5 Examples of ringsubstituents on phenylacetyl and benzoyl include aroinomethyl C, 

.alkylaminomemyl and di-(C 1 - 4 alkyl)amJnome«hyI, and motpholino orpiperazino linked from 
a nng nitrogen atom via a methylene linking gronp ,„ the 3- or 4- position of the benzoyl ring 
Other interesting in vivo hydrolysable esters include, for example, R^OXIC, ^alkyl-CO- 
whetsin R A is for exampte, benzyloxy-C,- 4 alkyl, or phenyl). Suitable substituents „„ a phenyl 
to group in slKh eaters include, forexample, ^piperazinc-C.-.alkyl, piperazmo-Calkyr 
and morpholino-Ci- 4 aIkyI. 

Preferred values of X, R>, R*, tf. R 3', R < md R s fof compoun<Js rf ^ ^ 

formula (IA) are as follows. Such values may be used where appropriate with any of the 
15 definitions, claims or embodiments defined hereinbefore or hereinafter. 

In one aspect of the invention Xis NR 6 . In another aspect XisNH. 

In one aspect of the invention R 6 is hydrogen or methyl. In another aspect R« is 
hydrogen. 

hi one aspect of the invention R 1 is hydrogen or-OR» In another aspect R> is 
20 hydrogen. 

in one aapect of the invention X' is a direct bond or -O-. In another aspect X' is a 
direct bond 

In one aspect of the invention R» is hydrogen, heterocyclyl selected ftom piperidiny! 
or pytrolidiny, or Chalky. (optionally substituted by hydroxy, C M alkoxy, amino, C, 
25 4 aIkylaminoordi( Cl .alkyl)amino). In .mother aspect R» is hydrogen, C^alkyl or C, 
^oxy. In another aspect R" is hydrogen. 

In one aspect of the invention R 2 is hydrogen or -OR", m another aspect R 2 is 
hydrogen ormethoxy. In a further aspect R 2 is hydrogen, myetarortheraspectR'is 
methoxy. 

30 In one aspect of the invention X 2 is a direct bond or -O-. 

In one aspect of the invention R» is hydrogen, C^alkyl (optionally substituted by 
heterocyclyl)orheterocyclyl. In another aspect R 12 is hydrogen or C M alkyl. In another 
aspect of theinventionR-is hydrogen. Inafurther aspect of the invention R- is methyl 
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In one aspect of the invention R 3 is -X 3 R 13 . In a further aspect R 3 is selected from 3- 
chloropropoxy, 3-[2-(hydroxymethyl)pyrroUdin-l-yl]propoxy, 3-[(2- 
hydroxyethyl)(isobutyl)amino]propoxy, 3-[(2-hydroxyethyl)(propyl)amino]propoxy, 3- 
piperidin-l-ylpropoxy, 3-pyrrolidin-l-ylpropoxy, 3-(diethyIamino)propoxy, 3-piperazin-l- 
ylpropoxy, 3-[(2-hydroxyethyl)(methyl)amino]propoxy, 3-(cyclopropylamino)propoxy, 3-{[2- 
(dimethylamino)ethyl](methyl)amino}propoxy > 3-(4-methylpiperazin-l-yl)propoxy, 3-(4- 
hydroxypiperidin-l-yl)propoxy, 3-[bis(2-hydroxyethyl)amino]propoxy, 3- 
[ethyl(methyl)amino]propoxy, 3-[ethyl(2-hydroxyethyl)amino]propoxy, 3-{ [2- 
(dimemylamino)emyl](emyl)ainino Jpropoxy, 3-[2-(2-hydroxyethyl)piperidin-l-yl]propoxy, 3- 
[4-(2-hydroxyemyl)piperazin-l-yl]propoxy,3-[(cyclopropylmethyl)amino]propoxy,3-[4-(2- 
hydroxyethyl)piperidin-l-yl]propoxy,3-[methyl(propargyl)amino]propoxy, 3- 
[allyl(methyl)amino]propoxy, 3-[isobutyl(methyl)amino]propoxy, 3-(3-hydroxypiperidin-l- 
yl)propoxy,3-t4-(hydroxymethyl)piperidin-l-yl]propoxy, 3-[methyl(propyl)amino]propoxy, 
3-[cyclopropylmethyl(propyl)amino]propoxy, 3-{ [2- 
(diethylamino)ethyl](methyl)amino}propoxy, 3-{ [2- 

(diethylamino)ethyl](ethyl)amino}propoxy, 3-(4-methyl-l,4-diazepan-l-yi)propoxy, 3-((2- 
hydroxyethyl)(isopropyl)amino]propoxy, 3-[cyclopropyl(2-hydroxyethyl)amino]propoxy, 3- 
t(2-hydroxyethyl)(2-methoxyethyl)amino]propoxy, 3-[cyclobutyl(2- 
hydroxyethyl)amino]propoxy, 3-[cyc]opropy]methyl(2-hydroxyethyl)amino]propoxy, 3- 
[cyclobuty]rnethyl(2-hydroxyemy])amino]propoxy,3-[(2-hycIroxy)propargylan^ 
3-[ally](2-hydroxyethyl)amino]propoxy, 3-[(2-hydroxyethyl)neopentylamino]propoxy, 3-[(2- 
hyd^xyethyl)(33,3-trifluoropropyl)arnino]propoxy,3-azetidin-3-ylpropoxy, 3-[cyclopentyl(2- 
hydroxyethyl)amino]propoxy, 3-[(3-hydroxy-l,l-dimethylpropyl)amino]propoxy, 3-[(2- 
cyanoethyl)(2-hydroxyethyl)amino]propoxy and 3-(dimethylamino)propoxy. In another 
aspect R 3 is selected from 3-[2-(hydroxymethyl)pyrrolidin-l-yl]propoxy, 3-[(2- 
hydroxyethyl)(isobutyl)amino]propoxy, 3-[(2-hydroxyethyl)(propyl)amino]propoxy, 3- 
[ethyl(2-hydroxyethyl)amino]propoxy ) 3-[4-(2-hydroxyethyl)piperazin-l-yl]propoxy, 3-[4-(2- 

hydroxyemyl)piperidin-l-yl]propoxy,3-[(2-hyd^oxyemyl)(2-memoxyethyl)amino]propoxy,3- 
[cyclobutyl(2-hydroxyethyl)amino]propoxy, 3-[cyclopropylmethyl(2- 
hydroxyethyl)amino]propoxy and 3-[(3-hydroxy-l,l-dimethylpropyl)amino]propoxy. In a 
further aspect R 3 is 3-chloropropoxy, 3-[2-(hydroxymethy])pyrrolidin-l-yl]propoxy and 3-[(2- 
hydroxyethyl)(propyl)amino]propoxy. 
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Q _ fc, ~'*««'« tata ---^'i-a«^0.«rJJH, toanotheraspec^ 

halo T 11 ° f inVena ° n *" " C,<aIkyI mhStiBXei * M - or 

halo. In a further aspect of the invention B » i. i or 
5 by »Vh. «»»'»vent,onR « ethyl or propyl, both ofwhlch are substituted 

by NR F .hetetocydylorhalo. » ye, a further aspect of the invention R» „ pn)pyl 

ptperaztnyl, thazepany, ana azetidiny, who* the netetocyc.y, „ optionally ^ J. 
subs^tedbycUoroor-NRV. In a further aspect R 13 is propyl substituted^ -NR 7 R 8 

^.erocycly,, c^lcv,, hydroxyC,^,. hydroxyCallcylC^yCoallcy, c, «tZJTL 

C3 < cvc 1 oa.kyl,C W cloa.I Iy lC, 3 aUcy i ,haloC,. s a l Icyl C^atond C »nT, 

andd.vr • „ , t-isaucenyl, C^aHtynyl, cyanoC, ^alkyl 

aCl ; ' Salky ' ; ° r ^ *' ~ Wi * * which they L 

*titehed fonn, | heterocyclic ringwhich dug cotnprises 4 to 7 dngah,,. of which one is • 

carbon ornttiogen by agraip selected ftont C,^,, hydroxy, hydroxyC.^y, md 
hydroxyC lJl alkoxyC,^lcyl,andwhe ra aiinn-rH 

further aspect r' and R » * ^ ' S ° £ " lonaU 5' «P'^ with ^C(OK In a ' 

turther aspect R and R are mdependently selected fan hydrogen, methyl, ethyl momt 

*> hythoxy- U-ta-WTOl. merhoxytnethyl, 2-tneutoxyethyl, 2-ethoxyeU.yl, eyclopL, 
cyclobutyl, cyCopenty,. cyc,op ropyImethyl , cycIobutylmethy!> °™* 

^ected hydrogen, ethy,, p ropyl , isobu|yl 2 . hydroxyethyI> 3-hydroxy-l.l^ 2 . 
M-^.«.225 - r ~,- a . te db y h y drox ym e ttly ,. 
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In one aspect of the invention R 5 is aryl optionally substituted by 1 or 2 halo. In 
another aspect R 5 is phenyl optionally substituted by 1 or 2 fluoro or chloro. In a further 
aspect R 5 is phenyl optionally substituted by 1 or 2 fluoro. In yet another aspect R 5 is 2,3- 
difluorophenyl or 3-fluorophenyI. In another aspect R is 3-fluorophenyl. 
5 In one aspect of the invention R 3 ' is -X 3 R 13 \ In a further aspect R 3 ' is selected from 

3-[propyl(2-phosphonooxyethyl)amino]propoxy, 3-(2-phosphonooxymethylpyrrolidin-l- 
yOpropoxy, 3-[ethyl(2-phosphonooxyethyl)amino]propoxy, 3-[(2-methoxyethyl)(2- 
phosphonooxyethyl)amino]propoxy, 3-[cyclobutyl(2-phosphonooxyethyl)amino]propoxy, 3- 
[4-(2-phosphonooxymethyl)piperazin-l-yl]propoxy and 3-[(l,l-dimethyl-3- 
10 phosphonooxypropyl)amino]propoxy. 

In one aspect of the invention X 3 ' is -CH 2 =CH 2 -, -O- or -NH-, In a further aspect X 3 ' 

is -O-. 

In one aspect of the invention R 13> is Ci^alkyl substituted by -NR r R 8 '. In a further 
aspect of the invention R 13 ' is propyl substituted by -NR r R 8 \ 
15 In one aspect of the invention R 7 ' is selected from hydrogen, heterocyclyl, Ci. 6 alkyl, 

Ci- 3 alkoxyCi. 6 alkyl, cyanoCi^aikyl and C 3 .<scycloalkyL In another aspect R r is ethyl, propyl, 
cyclobutyl or 2-methoxyethyl, 

In one aspect of the invention R 8 ' is phosphonooxyCi^aJkyl or phosphonooxyCj, 
4 alkylC 3 -<)Cyc]oalkyl. in another aspect R 8 ' is 2-phosphonooxyethyl or l,l-dimethyl-3- 
20 phosphonooxypropyL 

In one aspect of the invention R r and R 8 ' together with the nitrogen to which they are 
attached form a heterocyclic ring selected from pyrrolidinyl, piperidinyl and piperazinyl which 
ring is substituted on carbon or nitrogen by a group selected from phosphonooxy, 
phosponooxymethyl and 2-phoshonooxyethyl. 

25 

A preferred class of compounds is of formula (I) wherein: 
XisNR 6 ; 

R 6 is hydrogen or methyl; 
R 1 is hydrogen or -OR 11 ; 
30 X 1 is a direct bond or -O-; 

R 11 is hydrogen, heterocyclyl selected from piperidinyl or pyrrolidinyl, C^alkyl optionally 
substituted by hydroxy, Ci^alkoxy, amino, C M alkylamino or di(Ci-4alkyl)amino; 
R 2 is hydrogen or -OR 12 ; 
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R is hydrogen, C^alkyl (optionally substituted by heterocyclyl) or heterocyclyl- 
R 3 is-X 3 R 13 ; 

X 3 is -CH 2 =CH 2 -, -O- or -NH-; 

R 13 is C^alkyl substituted by-NR 7 R 8 , heterocyclyl or halo; 
5 R 7 and R° are independently selected from hydrogen, heterocyclyl, C^alkyl, hydroxyC, 
•alkyl. hyaroxyC w alkylC 3 ^cycloalkyl, C^alkoxyC^alkyl, C^cycloalkyl, Ca^cycloalkylQ 
salkyl, haloQ.alkyl, C^alkenyl, C, 6 alkynyl, cyanoQ.alkyl and di(C,3alkyl)aminoC, 6 alkyl- 
orR andR together with the nitrogen to which they are attached form a heterocyclic ring 
winch ring comprises 4 to 7 ring atoms of which one is nitrogen and of which another is 
10 optionally NH and which ring is optionally substituted on carbon or nitrogen by a group 

selected from C^alkyl, hydroxy, hydroxyC^alkyl and hydroxyC.^alkoxyC^allcyl, and 

where a ring -CH 2 - is optionally replaced with -C(0)-; 

R 4 is hydrogen; and 

R 5 is aryl optionally substituted by 1 or 2 halo. 

15 

A further preferred class of compounds is of formula (I) whterein: 
XisNH; 

R 1 is hydrogen; 
R 2 is hydrogen or methoxy; 
20 R 3 is-X 3 R 13 ; 
X 3 is-0-; 

R 13 is propyl substituted by chloro or -NR 7 R 8 ; 

R' and R> are independently selected from hydrogen, methyl, ethyl, propyl, isopropyl , butyl , 
taobutyl, tert-butyl, pentyl, neopentyl, hydroxymethyl, 2-hydroxyethyl, 3-hydroxy-l 1- 
25 dunethylpropyl, methoxymethyl, 2-metboxyethyl, 2-ethoxyeutyi, oyclopropyl, cyclobutyl 
cyclopentyl, cyclopropylmethyl, cyclobutylmethyl, eyclopentylmethy!, trifluoromethyl 2 2 2- 
tnfluoroethyl, 3,3,3-trifn.oropmpyl, ally!, propargyl, 2-(dunethyl am i„o)ethyl and 2- 
(diemylannno^thy,; or R 7 and R» together with the nitrogen to whieh they are aaached form a 
heterocyclic ring selected from pyrrolidine, pipe^y,, miaepmyl ^ ^ 

30 where the ring i s optionally subset* by hydroxy, methyl, hydroxymethyl or 2-hydroxyethyl; 
R is hydrogen; and 

R 5 is 2,3-difluorophenyl or 3-fluorophenyl. 
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A further preferred class of compounds is of formula Q) wherein: 
Xis NH; 
R 1 is hydrogen; 
R 2 is hydrogen or methoxy; 
5 R 3 is-XV 3 ; 
X 3 is -O-; 

R 13 is propyl substituted by chloro or -NR 7 R 8 ; 

R 7 and R 8 are independently propyl or 2-hydroxyethyl; or R 7 and R 8 together with the nitrogen 
to which they are attached form pyrrolidinyl substituted by hydroxymethyl or 2-hydroxyethyl; 
10 R 4 is hydrogen; and 
R 5 is 3-fluorophenyl. 

A preferred class of compounds is of formula (IA) wherein: 
Xis NR 6 ; 
15 R 6 is hydrogen or methyl; 
R l is hydrogen or -OR 11 ; 

R n is hydrogen, heterocyclyl selected from piperidinyl or pyrrolidinyl, Ci^alkyl optionally 
substituted by hydroxy, C l . 4 alkoxy, amino, Ci^alkylamino or dKQ^alkyOamino; 
R 2 is hydrogen or -OR 12 ; 
20 R is hydrogen, Q^alkyl (optionally substituted with heterocyclyl) or heterocyclyl; 
R 3, is -X 3 R 13 '; 

X 3 ' is -CH 2 =CH 2 -, -O- or -NH-; 

R 13 ' is Ci^alkyl substituted by hNR 7 R 8 '; 

R 7 ' is selected from hydrogen, heterocyclyl, C^alkyl, C]. 3 alkoxyCi.. 6 alkyl, cyanoCi_ 4 alkyl and 

25 C 3 ^cycloalkyl; 

R 8 is phosphonooxyCi. 4 alkyl or phosphonooxyCi^alkylC3. 6 cycloalkyl; 
or R 7 and R 8 together with the nitrogen to which they are attached form a heterocyclic ring 
selected from pyrrolidinyl, piperidinyl and piperazinyl which ring is substituted on carbon or 
nitrogen by a group selected from phosphonooxy, phosponooxymethyl and 2- 

30 phoshonooxyethyl; 
R 4 is hydrogen; and 

R 5 is aryl optionally substituted by 1 or 2 halo. 
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Preferred compounds of the invention are any one of: 

fluorophenyDacetamide 1 

2-(4-{[7-(3-cWoropropoxy)quina2oUn^yl]amino}-lH-l,2,3-^^ 
5 fluorophenyl)acetamide; 

m«ho X yqui„azolta^- y I )a ^ no] .i ff ., A3 . tlia2oMyl)acetam . (te 
yl)anano]-l//-l >2 ,3-triazol-l- y l}acetamid e ; and 

"yZr!r?^^ 

^yOaimnoUff-lAS-niazol-l-yOacetamide. 

cottoT or aph ~ cauy «»*"* •* — « ™ ^ WWch 

comprises reacting a compound of formula (H) 



R 1 



R2 




OD 

20 where L is a suitable leaving group such as chloro, bromo, SMe etc. 
with a compound of formula (HT) 




HX 



OH) 

m the presence of hydrochloric acid in dioxane under 



an inert atmosphere, 
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and thereafter if necessary: 

i) converting a compound of the formula (I) into another compound of the formula (T); 

ii) removing any protecting groups; 

iii) forming a pharmaceutically acceptable salt, ester or prodrug thereof. 

5 The reaction is suitably effected in an organic solvent such as dimethyl acetamide or 
isopropanol at elevated temperatures of from 80°C to 120°C for 30 minutes to 2 hours. 

The process may further comprise a process for the preparation of a compound of 
formula (II) when R 3 is -X 3 R 13 , which process comprises reacting a compound of formula 
OV) 



HX 3 

10 

with a compound of formula (V) 




L<-R 13 



(V) 

15 where L 1 is an appropriate leaving group such as chloro or L l is -OH which is suitably 
activated by a reagent such as PPh 3 . 

Compounds of formula (TV) and formula (V) are either known in the art or can be derived 
from other compounds known in the art by conventional methods which would be apparent 
from the literature. 

20 The process may further comprise a process for the preparation of a compound of 

formula (HI) which process comprises the reaction of a compound of formula (VI) 




(VI) 
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with a compound of formula (VH) 

R 5 -NH 2 
(VH) 

The reaction is suitably effected in an organic solvent such as dimethylformamide or 
5 dimethylacetamide, with a base such as dusopropyl(efcyl)amine and with the addition of O- 
(V-azabenzotriazol-l-yO-N^N'-tetramemyluronium hexafluorophosphate, maintaining a 
temperature of less than 40°C for 30 minutes to 2 hours. 

Compounds of formula (VH) are known in the art or can be derived from other 
compounds known in the art by conventional methods which would be apparent to the skilled 
10 person from the literature. 

A compound of formula (VI) when X is NR 6 , can be prepared by a process that 
comprises the; 

a) reaction of Q.zoalkyl azidoacetate with propiolic acid, followed by 

b) reaction of the product of a) with a reagent such as diphenylphosphonyl azide 
15 The reaction in a) is suitable effected in solvents such as chloroform, dichloromethane 

toluene, at a temperature of 55°C to 100°C for 30 minutes to 5 hours, and the reaction in b) 
effected in dioxane, under an inert atmosphere, under reflux for 2 to 7 hours. 

Further provided is a process for the preparation of a compound of formula (IA) or 
pharmaceutically acceptable salt thereof, which process comprises phosphorylation of a 

20 suitable compound of formula (I) by reacting a compound of formula (I) and tetrazole with di- 
tert-butyl diethylphosphoramidite in an appropriate organic solvent such as 
dimethylformamide or dimethylacetamide under an inert atmosphere, followed by (after 1 to 5 
hours) the addition of hydrogen peroxide and sodium metabisulphite. Deprotection of the 
phosphate group then yields a compound of formula (IA). Deprotection is suitably effected 

25 with hydrochloric acid in dioxane or dichloromethane (DCM) at ambient temperature for 6 to 
30 hours. 

Suitable reaction conditions are illustrated hereinafter. 

It will be appreciated that certain of the various ring substituents in the compounds of 
the present invention may be introduced by standard aromatic substitution reactions or 
30 generated by conventional functional group modifications either prior to or immediately 

following the processes mentioned above, and as such are included in the process aspect of the 
mvention. Such reactions and modifications include, for example, introduction of a 
substituent by means of an aromatic substitution reaction, reduction of substituents, alkylation 



or 

v is 
a 



100117 



-20- 

of substituents and oxidation of substituents. The reagents and reaction conditions for such 
procedures are well known in the chemical art. Particular examples of aromatic substitution 
reactions include the introduction of a nitro group using concentrated nitric acid, the 
introduction of an acyl group using, for example, an acyl halide and Lewis acid (such as 
5 aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyl group 
using an alkyl halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts 
conditions; and the introduction of a halogen group. Particular examples of modifications 
include the reduction of a nitro group to an amino group by for example, catalytic 
hydrogenation with a nickel catalyst or treatment with iron in the presence of hydrochloric 
10 acid with heating; oxidation of alkylthio to alkylsulphinyl or alkylsulphonyl. 

It will also be appreciated that in some of the reactions mentioned herein it may be 
necessary/desirable to protect any sensitive groups in the compounds. The instances where 
protection is necessary or desirable and suitable methods for protection are known to those 
skilled in the art. Conventional protecting groups may be used in accordance with standard 
15 practice (for illustration see T.W. Green, Protective Groups in Organic Synthesis, John Wiley 
and Sons, 1991). Thus, if reactants include groups such as amino, carboxy or hydroxy it may 
be desirable to protect the group in some of the reactions mentioned herein. 

A suitable protecting group for an amino or alkylamino group is, for example, an acyl 
group, for example an alkanoyl group such as acetyl, an alkoxycarbonyl group, for example a 
20 methoxycarbonyl, ethoxycarbonyl or r-butoxycarbonyl group, an arylmethoxycarbonyl group, 
for example benzyloxycarbonyl, or an aroyl group, for example benzoyl. The deprotection 
conditions for the above protecting groups necessarily vary with the choice of protecting 
group. Thus, for example, an acyl group such as an alkanoyl or alkoxycarbonyl group or an 
aroyl group may be removed for example, by hydrolysis with a suitable base such as an alkali 
25 metal hydroxide, for example lithium or sodium hydroxide. Alternatively an acyl group such 
as a f-butoxycarbonyl group may be removed, for example, by treatment with a suitable acid 
as hydrochloric, sulphuric or phosphoric acid or trifluoroacetic acid and an 
arylmethoxycarbonyl group such as a benzyloxycarbonyl group may be removed, for example, 
by hydrogenation over a catalyst such as palladium-on-carbon, or by treatment with a Lewis 
30 acid for example boron tris(trifluoroacetate). A suitable alternative protecting group for a 
primary amino group is, for example, a phthaloyl group which may be removed by treatment 
with an alkylamine, for example dimethylaminopropylamine, or with hydrazine. 
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A suitable protecting group for a hydroxy group is, for example, an acyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, f or example benzoyl or an 
arylmethyl group, for example benzyl. The ^protection conditions for the above protecting 
groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 
5 group such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis with 
a suitable base such as an alkali metal hydroxide, for example lithium or sodium hydroxide 
Alternatively an arylmethyl group such as a benzyl group may be removed, for example by 
hydrogenation over a catalyst such as palladium-on-carbon. 

A suitable protecting group for a carboxy group is, for example, an estexifying group 
10 *-*-Plea-*ylorane^ ' 
with a base such as sodium hydroxide, or for example a ,-butyl group which may be removed 
for example, by treatment with an acid, for example an organic acidsuch as trifluoroacetic 

ac.d.orforexampleabenzylgroupwhichmayberemoved.forexample.byhydrogenation : 
over a catalyst such as palladium-on-carbon. 

The protecting groups may be removed at any convenient stage in the synthesis using -1 
conventional techniques well known in the chemical art. 

i 

According to a further aspect of the invention there is provided a phannaoentical 
composition which comprises a componnd formula CD, or a pharmaceutical!, saJt . 

20 ^P^gthereof.asdefinedhemtabe^ ' 
acceptable diluent or carrier. 

Also provided is a pharmaceutical composition which comprises a compound of 
formuta OA), or a phannaceutically acceptable salt themof, as defined hereinbefore in 
assentation with a pharmaceurically acceptable diluent or earner. 

« ^"^^of'temventtonmaybeinaformsmtolefororaJuaeCforexample 
as tablets, lozenges, hard or soft capsules, aqueous or oily suspensions, emulsions, dispersible 
powders or granu.es, syrups or elixirs), for topical use (for example as creams, ointmen* 
gels, or aqueous or oily solutions or suspensions), for administration by inhalation (for ' 
^^"^lytuvid^powderoraUqmd^ate^^^^^ 
exa Jn p,easafine.ydividedpowder)orfor^^ 

aqueous or oily solution for intiavenous, subcutaneous, intramuscular or intramuscular dosing 
or as a suppository for rectal dosing). 

The emotions of the invention may be obtained by conventional proceriures using 
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conventional pharmaceutical excipients, well known in the art. Thus, compositions intended 
for oral use may contain, for example, one or more colouring, sweetening, flavouring and/or 
preservative agents. 

Therefore in a further aspect of the invention there is provided a compound of formula 
5 (I), or a pharmaceutical^ acceptable salt, ester or prodrug thereof, for use in therapy. In 
addition a compound of formula (IA) or a pharmaceutically acceptable salt thereof is provided 
for use in therapy. 

Further provided is a compound of formula (I), or a pharmaceutically acceptable salt, 
ester or prodrug thereof, for use as a medicament and also a compound of formula (IA), or a 
10 pharmaceutically acceptable salt thereof, for use as a medicament. 

Additionally a compound of formula (I), or a pharmaceutically acceptable salt, ester or 
prodrug thereof is provided for use in a method of treatment of a warm-blooded animal such 
as man by therapy. A compound of formula (IA) or a pharmaceutically acceptable salt thereof 
is also provided for use in a method of treatment of a warm-blooded animal such as man by 
15 therapy. 

In another aspect of the invention, there is provided the use of a compound of formula 
(I) or a pharmaceutically acceptable salt, ester or prodrug thereof, in the preparation of a 
medicament for the treatment of a disease where the inhibition of one or more Aurora 
kinase(s) is beneficial. The use of a compound of formula (IA) or a pharmaceutically 

20 acceptable salt thereof in the preparation of a medicament for the treatment of a disease where 
the inhibition of one or more Aurora kinase(s) is beneficial is also provided. In particular it is 
envisaged that inhibition of Aurora-A kinase and/or Aurora-B kinase may be beneficial. 
Preferably Aurora-B kinase is inhibited. 

In another aspect of the invention, there is provided the use of a compound of formula 

25 (I) or a pharmaceutically acceptable salt, ester or prodrug thereof, in the preparation of a 
medicament for the treatment of hypeiproliferative diseases such as cancer and in particular 
colorectal, breast or pancreatic cancer or leukaemia. Also provided is the use of a compound 
of formula (IA) or a pharmaceutically acceptable salt thereof in the preparation of a 
medicament for the treatment of hyperproliferative diseases such as cancer and in particular 

30 colorectal, breast or pancreatic cancer or leukaemia. 

According to yet another aspect, there is provided a compound of formula (I) or a 
pharmaceutically acceptable salt ester or prodrug thereof for use in the method of treating a 
human suffering from a disease in which the inhibition of one or more Aurora kinases is 
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beneficial, comprising the steps of administering to a person in need thereof a therapeutically 
effective amount of a compound of formula (D or a pharmaceutical^ acceptable salt, ester or 
prodrug thereof. Further provided is a compound of formula (IA) or a pharmaceutical^ 
acceptable salt thereof for use in the method of treating a human suffering from a disease in 
5 which the inhibition of one or more Aurora kinases is beneficial, comprising the steps of 
administering to a person in need thereof a therapeutically effective amount of a compound of 
formula (TA) or a pharmaceutical!), acceptable salt thereof. In particular it is envisaged that 
inhibition of Aurora-A kinase and/or Aurora-B kinase may be beneficial. Preferably Aurora-B 
kinase is inhibited 

10 Further provided is a compound of formula (D or a pharmaceutical^ acceptable salt 

thereof for use in the method of treating a human suffering from a hyperproliferative disease 
such as cancer and in particular colorectal, breast or pancreatic cancer or leukaemia, 
comprising the steps of administering to a person in need thereof a therapeutically effective 
amount of a compound of formula (I) or a pharmaceutical^ acceptable salt, ester or prodrug 
15 thereof. A compound of formula (IA) is also provided for use in the method of treating a 

human suffering from a hyperproliferative disease such as cancer and in particular colorectal ? 
breast or pancreatic cancer or leukaemia, comprising the steps of administering to a person in 
need thereof a therapeutically effective amount of a compound of formula (I) or a 
pharmaceutically acceptable salt thereof. 
20 For the above mentioned therapeutic uses the dose administered will vary with the 

compound employed, the mode of administration, the treatment desired, the disorder indicated 
and the age and sex of the animal or patient. The size of the dose would thus be calculated 
according to well known principles of medicine. 

In using a compound of formula (I) or formula (IA) for therapeutic or prophylactic 
25 purposes it will generally be aclministered so that a daily dose in the range, for example, 0.05 
mg/kg to 50 mg/kg body weight is received, given if required in divided doses. In general 
lower doses will be administered when a parenteral route is employed. Thus, for example, for 
mtravenous administration, a dose in the range, for example, 0.05 mg/kg to 25 mg/kg body 
wexght will generally be used, Similarly, for adrninistration by inhalation, a dose in the range 
30 for example, 0.05 mg/kg to 25 mg/kg body weight will be used. 

The treatment defined hereinbefore may be applied as a sole therapy or may involve in 
addition to the compound of the invention, conventional surgery or radiotherapy or 
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chemotherapy. Such chemotherapy may include one or more of the following categories of 
anti-tumour agents :- 

(i) antiproliferative/antineoplastic drugs and combinations thereof, as used in medical 
oncology, such as alkylating agents (for example cis-platin, carboplatin, cyclophosphamide, 

5 nitrogen mustard, melphalan, chlorambucil, busulphan and nitrosoureas); antimetabolites (for 
example antifolates such as fluoropyrimidines like 5-fluorouracil and tegafur, raltitrexed, 
methotrexate, cytosine arabinoside and hydroxyurea; antitumour antibiotics (for example 
anthracyclines like adriamycin, bleomycin, doxorubicin, daunomycin, epirubicin, idarubicin, 
mitomycin-C, dactinomycin and mithramycin); antimitotic agents (for example vinca 
10 alkaloids like vincristine, vinblastine, vindesine and vinorelbine and taxoids like taxol and 
taxotere); and topoisomerase inhibitors (for example epipodophyllotoxins like etoposide and 
teniposide, amsacrine, topotecan and camptothecin); 

(ii) cytostatic agents such as antioestrogens (for example tamoxifen, toremifene, 
raloxifene, droloxifene and iodoxyfene), oestrogen receptor down regulators (for example 

15 fulvestratrant), antiandrogens (for example bicalutamide, flutamide, nilutamide and 

cyproterone acetate), LHRH antagonists or LHRH agonists (for example goserelin, Ieuprorelin 
and buserelin), progestogens (for example megestrol acetate), aromatase inhibitors (for 
example as anastrozole, letrozole, vorazole and exemestane) and inhibitors of 5a-reductase 
such as finasteride; 

20 (iii) Agents which inhibit cancer cell invasion (for example metaUoproteinase inhibitors 
like marimastat and inhibitors of urokinase plasminogen activator receptor function); 
(iv) inhibitors of growth factor function, for example such inhibitors include growth factor 
antibodies, growth factor receptor antibodies (for example the anti-erbb2 antibody 
trastuzumab [Herceptin™] an d th e anti-erbbl antibody cetuximab [C225]) , farnesyl 
25 transferase inhibitors, tyrosine kinase inhibitors and serine-threonine kinase inhibitors, for 
example inhibitors of the epidermal growth factor family (for example EGFR family tyrosine 
kinase inhibitors such as iV-(3-chloro-4-fluorophenyI)-7-methoxy-6-(3- 
morpholinopropoxy)quinazolin-4-amine (gefitinib, AZD1839), iV-(3-ethynylphenyl)-6,7- 
bis(2-methoxyethoxy)quinazolin-4-amine (erlotinib, OSr-774) and 6-acryIamido-iV-(3-chloro- 
30 4-fluorophenyl)-7-(3-morpholinopropoxy)quinazolin-4-amine (CI 1033)), for example 
inhibitors of the platelet-derived growth factor family and for example inhibitors of the 
hepatocyte growth factor family; 



IO0U7 



-25- 

(v) 



^ TTT" asems such " *~ wMch tahihit *• at — - 

grow* factor, (forexaotpie the Ocular endo.he.ia. eel, growth factor antibody 
bev™, [Avm compounds ^ m ^ ^ jn ^ 

Aprons WO 97/22596, WO 97/30035. WO 97/32856 and WO 98/13354) and 
5 ~~*™yo,he^^ 

function and angiostatin); ««egnn ovp^ 

W vascolar damaging agents such aa Cotnbterastebn A4 and compounds dialed in 
htte_. Patent AppUcadons WO 99/02166, WO00/40529, WO 00/41669 WOW/92224 
WO02AM434andWO02/08213; WO01/92224, 

as- ibis 2503, an anti-ras antisense; 

(vin) g ene ft e I ap y app ro achea, ta c MngforexmpleamKto 

tb^py) approaches snch as those nsing cytosine deaminase, thymidine toase orThaL^ 
radtotherapy such as mum-drug resistance gene therapy, and 

Witnmnnometnpyapproaches.incindingforexampieex-vivo^ /' 
mcrease the tmmunogemcuy or paUeot tumour ce„s, snch as Section with ^„ Jlslh- 
as mterieuMn 2, interieuWo 4 or gm„u,ocyte-mac ro p h age coiony seating fact 

cy^^nsfected dendritic celts, approaches using cytoWhnnsfectednrn^ceuL 
and approaches nsing anti-idiotypic andbodies. 

Such conjoin, treatment may be achieve* by way „, the simuhaneous, seonendal or 
^tedosingo^eindiWdnaJcontponentsofthebeatntent. Snch combinld ZZl 

Z7 h C °~ " Within * 6 ^ — " "~om and 

dte other phanuaceuhcauy-acdve agent within its app ro ve4 dosage range 

to addibon to their nse in therapeubc medicine, a compound of fotmnla CO and a 

tookin^developmentandstandardisadonofmvftmandmv/votestsvstem^ «, 

dogs, rabbits, monkeys, rats and mice ^n^^rt, ... ' 

* ana mice, as part of the search for new therapeutic agents. 
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In the above other pharmaceutical composition, process, method, use and medicament 
manufacture features, the alternative and preferred embodiments of the compounds of the 
invention described herein also apply. 

The compounds of the invention inhibit the serine-threonine kinase activity of the 
5 Aurora kinases, in particular Aurora-A kinase and/or Aurora-B kinase and thus inhibit the cell 
cycle and cell proliferation. Compounds which inhibit Aurora-B kinase are of particular 
interest. These properties may be assessed for example, using one or more of the procedures 
set out below. 

10 (a) In Vitro Aurora-A kinase inhibition test 

This assay determines the ability of a test compound to inhibit serine-threonine kinase 
activity. DNA encoding Aurora-A may be obtained by total gene synthesis or by cloning. This 
DNA may then be expressed in a suitable expression system to obtain polypeptide with serine- 
threonine kinase activity. In the case of Aurora-A, the coding sequence was isolated from 

15 cDNA by polymerase chain reaction (PCR) and cloned into the BamHl and Notl restriction 
endonuclease sites of the baculovirus expression vector pFastBac HTc (GibcoBRL/Life 
technologies). The 5 f PCR primer contained a recognition sequence for the restriction 
endonuclease BamHl 5 1 to the Aurora-A coding sequence. This allowed the insertion of the 
Aurora-A gene in frame with the 6 histidine residues, spacer region and iTEV protease 

20 cleavage site encoded by the pFastBac HTc vector. The 3 ! PCR primer replaced the Aurora-A 
stop codon with additional coding sequence followed by a stop codon and a recognition 
sequence for the restriction endonuclease Notl. This additional coding sequence (5' TAC 
CCA TAC GAT GTT CCA GAT TAC GCT TCT TAA 3') encoded for the polypeptide 
sequence YPYDVPDYAS. This sequence, derived from the influenza hemagglutin protein, is 

25 frequently used as a tag epitope sequence that can be identified using specific monoclonal 
antibodies. The recombinant pFastBac vector therefore encoded for an N-terminally 6 his 
tagged, C terminally influenza hemagglutin epitope tagged Aurora-A protein. Details of the 
methods for the assembly of recombinant DNA molecules can be found in standard texts, for 
example Sambrook et al. 1989, Molecular Cloning - A Laboratory Manual, 2 nd Edition, Cold 

30 Spring Harbor Laboratory press and Ausubel et al. 1999, Current Protocols in Molecular 
Biology, John Wiley and Sons Inc. 

Production of recombinant virus can be performed following manufacturer's protocol 
from GibcoBRL. Briefly, the pFastBac- 1 vector carrying the Aurora-A gene was transformed 



100117 



into E. coliDHlOBac cells containing the baculovirus genome (bacmidDNA) and via a 
transposition event in the cells, a region of the pFastBac vector containing gentamycin 
resistance gene and the Aurora-A gene including the baculovirus polyhedrin promoter was 
transposed directly into the bacmid DNA. By selection on gentamycin, kanamycin 
5 tetracycline and X-gal, resultant white colonies should contain recombinant bacmidDNA 
encoding Aurora-A. Bacmid DNA was extracted from a small scale culture of several 
BHlOBac white colonies and transfected into Spodoptera frugiperda Sf21 cells grown in 
TClOO medium (ChbcoBRL) containing 10% serum using CeUEECHN reagent (GibcoBRL) 
following manufacturer's instructions. Virus particles were harvested by collecting cell culture 
10 mednun 72 hrs post transfection. 0.5 mis of medium was used to infect 100 ml suspension 
culture of Sf21s containing 1 x 10? cells/ml. Cell culture medium was harvested 48 hrs post 
mfection and virus titre determined using a standard plaque assay procedure. Virus stocks 
were used to infect Sf9 and "High 5" cells at a multiplicity of infection (MOB of 3 to ascertain 
expression of recombinant Aurora-A protein. 

15 ta * el ^ s ^«xprossionofAurora-Akinaseactivity,Sf2 1 inseotcellswere 

grown at 28°C in TClOO medium supplemented with 10% foetal catfaerum (Viralex) and > 
0.2% F68 Plutonic (Sigma) on a Wheaton roller rig a, 3 r.p.m. When me cell detrsity reached ' 
1.2x10 cells ml" <hey were infected with plaque-pum Aurora-A recombinant virus at a 
muluphcity o, infection of 1 and harvested 48 houra iater. All aubsequen. purification steps 
20 were performed a. 4°C. Frozen insect cell pellets containing a total of 2.0 x 10= cells were 
thaweo and diluted with iyais buffer (25 mM HEPES (N-^hydroxyemylJpiperazme-N'-ri. 
ethaneamphonic acid]) pH7.4 at 4°C , 100 mM KC1, 25 mM NaF, 1 mM N.,V0 4 1 mM 
PMSF (phenylmemylaulphony. fluoride), 2 mM 2-mereaptoeu,anol. 2 mM imidazole, 1 „g/ml 
aprobnm, 1 jrg/ml pepstatin, 1 (tg/ml leupeptin), using 1.0 ml per 3 x 10' cells. Lyais was 
25 achreved using a dounce homogenises, following which me lysate was cenrrifuged at 41.000* 
for 35 mrnutes. Aspirated supernatant waa pumped onro a 5 mm diameter chromatography ' 
column containing 500 „■ Ni NTA (ni ml c-M-aceuc acid) agarose (Qiagen, product no. 
30250) which had been equilibrated in lyaia buffer. A baaeline revel of W absorbancc for me 
duent waa reached after washing the column with !2 ml of iyais buffer followed by 7 ml of 
30 wash buffer (25 mM HEPES pH7.4 at 4->C , 100 mM KC1, 20 mM imidazole 2 mM 2- 

rt^f B ° Und AUKOT - A ProteiD WM ^ ta «» —» -*i elution buffer 
(25mMaBPESpH7.4a t 4»C,l«,mMKC1.400mMimidazo I e,2mM 2 -meroapmemano. ) . 
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An elution fraction (2.5 ml) corresponding to the peak in UV absorbance was collected. The 
elution fraction, containing active Aurora-A kinase, was dialysed exhaustively against dialysis 
buffef (25 mM HEPES pH7.4 at 4°C , 45% glycerol (v/v), 100 mM KC1, 0.25% Nonidet P40 
(v/v), 1 mM dithiothreitol). 
5 Each new batch of Aurora-A enzyme was titrated in the assay by dilution with enzyme 

diluent (25mM Tris-HCl pH7.5, 12.5mM KC1, 0.6roM DTT). For a typical batch, stock 
enzyme is diluted 1 in 666 with enzyme diluent & 20m! of dilute enzyme is used for each 
assay well. Test compounds (at lOmM in dimethylsulphoxide (DMSO) were diluted with 
water & lOpl of diluted compound was transferred to wells in the assay plates. 'Total" & 
10 "blank" control wells contained 2.5% DMSO instead of compound. Twenty microlitres of 
freshly diluted enzyme was added to all wells, apart from "blank" wells. Twenty microlitres 
of enzyme diluent was added to "blank" wells. Twenty microlitres of reaction mix (25mM 
Tris-HCl, 78.4mM KC1, 2.5mM NaF, 0.6mM dithiothreitol, 6.25mM MnCi 2 , 6.25mM ATP, 
7.5MM peptide substrate [biotin-LRRWSLGLRRWSLGLRRWSLGLRRWSLG]) containing 
15 0.2MCi Cy»P]ATP (Amersham Pharmacia, specific activity >2500Ci/mmol) was then added to 
all test wells to start the reaction. The plates were incubated at room temperature for 60 
minutes. To stop the reaction 100^1 20% v/v orthophosphoric acid was added to all wells. The 
peptide substrate was captured on positively-charged nitrocellulose P30 filtermat (Whatman) 
using a 96-well plate harvester (TomTek) & then assayed for incorporation of 33 P with a Beta 
20 plate counter. "Blank" (no enzyme) and "total" (no compound) control values were used to 
determine the dilution range of test compound which gave 50% inhibition of enzyme activity. 
In this test, the compounds of the invention generally give 50% inhibition of enzyme activity 
at concentrations of InM to lOOOnM and in particular compound 1 in Table 1 gave 50% 
inhibition of enzyme activity at a concentration of 0.9mM and compound 3 in Table 2 gave 
25 50% inhibition of enzyme activity at a concentration of 0.5mM 

(b) In Vitro Au rora-B kinase inhibition test 

This assay determines the ability of a test compound to inhibit serine-threonine kinase 
activity. DNA encoding Aurora-B may be obtained by total gene synthesis or by cloning. This 
30 DNA may then be expressed in a suitable expression system to obtain polypeptide with serine- 
threonine kinase activity. In the case of Aurora-B, the coding sequence was isolated from 
cDNA by polymerase chain reaction (PCR) and cloned into the pFastBac system in a manner 
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similar to that described above for Aurora- A (\ » m . • 

/vurora-A (i.e. to direct expression of a 6-histidine tagged 

Aurora-B protein). 

For the ,arge scaie expression of Aurora-B kinase activity, sm insect cells were 
grown a. 28"C in TCOO merUum suppiemented with 10% foeta. caif serum (Viratex, and 
5 0.2% F68 Phonic (Sigma, on a Wheaton roller rig a, 3 r.p.m. When «he ceU density reaped 
1.2,10 cellar they were infected withplaque-pure Aurora-B recombinant virus at a 
muMplicity o, infecdon of 1 and harvested 4 8 houre .ater. All subsequent purifloadon steps 
were performer, a, 4»C. Proven insect ceU peBets containing a total of 2.0 x 10» cells were 
thawed and diluted with lysis buffer (50 mM HEPES ( N -(2-h y droxye« 1 y 1] p i p era2i „ e . N , [2 . 
.» emanesuipbonic acidj) pH7.5 at 4°C . 1 mM Na 3 VO. 1 mM PMSF (phenyfmemyisuiphony. 

1.0m, P er2x 10 eel,, Lysis was achieved using a sonicadon homogeniser. following which 
■he iysate was cenhifuged a, 41,OO0g for 35 minutes. Aspirated supernatant was pumped onto 
a 5 mm dtameter chromatography column containing 1.0 mi CM sepharose Fas, How 

of UV absorbance for the eluent was reached after washing the column with 12 ml of lysis 
bufferfoUowedbyTml of wash buffer (50 mM HEPES pH7.4 at 4°C , 1 mM dithiothreitol) 

r^r^ B ehMed COlUmi °** « ° f — buffer (50 

20 Tl^Tf"^ ' °' 6 M NaC '' ' * ditUothreit ° I - """"tag &°m 0% elutton buffer 
20 to 100% eludon buffer over .5 minutea a. a flowmte of 0.5 ml/min). Eiudon ftacdons (LOrnl) 
corresponding to ft. peak in UV absorbance was coHected. Eiudon ftacdons were diaiysed 
exhausbvely against diaiysis buffer (25 mM HEPES pH7.4 a,4»C , 45% glycerol (vM 100 

ftacdons were assayed for Aurora-B kiiiase activity. 

25 mine t ^r^ rfA ~^~^ toto, ^^"--'*~ 

'"■^KCO.omMDm.Fora typica. batch, stock 
-yme is diluted X in 40 with enzyme diiuent * 20* of dilute enzyme is used for each assay 
we«. Test compounds (a. lOmM in thmed.y.sulphoxide (DMSO) were diluted wim water * 
10pl of diluted compound was transferred to wells in the assay plate.. "Toter & "blank" 
30 c^weUsconMn^DMSOinste^o, compound. Twenty micros offteshly 
dduted enzyme was added to all weils, apart ftom "blank" weUs. Twenty microUtres of 
enzyme diiuent was added to "biank" weUs. Twenty microUtres ofreaction mix (25mMTtis- 
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HC1, 78.4mM KC1, 2.5mM NaF, 0.6mM dithiothreitol, 6.25mM MnCJ 2 , 37.5mM ATP, 25jjM 
peptide substrate [biotin-LRRWSLGLRRWSLGLRRWSLGLRRWSLG]) containing 0.2nCi 
[Y^PIATP (Amersham Pharmacia, specific activity >2500Ci/mmol) was then added to all test 
wells to start the reaction. The plates were incubated at room temperature for 60 minutes. To 
5 stop the reaction 100^1 20% v/v orthophosphoric acid was added to all wells. The peptide 
substrate was captured on positively-charged nitrocellulose P30 filtermat (Whatman) using a 
96-well plate harvester (TomTek) & then assayed for incorporation of 33 P with a Beta plate 
counter. "Blank" (no enzyme) and "total" (no compound) control values were used to 
determine the dilution range of test compound which gave 50% inhibition of enzyme activity. 
10 In this test, the compounds of the invention generally give 50% inhibition of enzyme activity 
at concentrations of InM to lOOOnM and in particular compound 1 in Table 1 gave 50% 
inhibition of enzyme activity at a concentration of 0.1|jM and compound 3 in Table 2 gave 
50% inhibition of enzyme activity at a concentration of O.ljiM. 

15 (c) In Vitro cell proliferation assay 

This and other assays can be used to determine the ability of a test compound to inhibit the 
growth of adherent mammalian cell lines, for example the human tumour cell line SW620 
(ATCC CCL-227). This assay determines the ability of at test compound to inhibit the 
incorporation of the thymidine analogue, 5'-bromo-2'-deoxy-uridine (BrdU) into cellular 

20 DNA. SW620 or other adherent cells were typically seeded at 1x10 s cells per well in L-15 
media (GIBCO) plus 5% foetal calf serum, 1% L-glutamine (100/.d / well) in 96 well tissue 
culture treated 96 well plates (Costar) and allowed to adhere overnight. The following day the 
cells were dosed with compound (diluted from lOmM stock in DMSO using L-15 (with 5% 
PCS, 1% Uglutamine). Untreated control wells and wells containing a compound known to 

25 give 100% inhibition of BrdU incorporation were included on each plate. After 48 hours in 
the presence / absence of test compound the ability of the cells to incorporate BrdU over a 2 
hour labelling period was determined using a Boehringer (Roche) Cell Proliferation BrdU 
EUSA kit (cat. No. 1 647 229) according to manufacturers directions. Briefly, 15pl of BrdU 
labelling reagent (diluted 1:100 in media - L-15, 5% FCS, 1% L-glutamine) was added to 

30 each well and the plate returned to a humidified (+5% C0 2 ) 37°C incubator for 2 hours. After 
2 hours the labelling reagent was removed by decanting and tapping the plate on a paper 
towel. FixDenat solution (50yX per well) was added and the plates incubated at room 
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temperature for 45mins with shaking. The FixDenat solution was removed by decanting and 
tapping the inverted plate on a paper towel. The plate was then washed once with phosphate 
buffered saline (PBS) and 100* /well of Anti-BrdU-POD antibody solution (diluted 1:100 in 
antibody dilution buffer) added. The plate was then incubated at room temperature with 
5 shaking for 90min. Unbound Anti-BrdU-POD antibody was removed by decanting and 
washing the plate 4 times with PBS before being blotted dry. TMB substrate solution was 
added (100*/well) and incubated for approximately 10 minutes at room temperature with 
shaking until a colour change was apparent The optical density of the wells was then 
determined at 690nm wavelength using a Titertek Multiscan plate reader. The values from 
10 compound treated, untreated and 100% inhibition controls were used to determine the dilution 
range of a test compound that gave 50% inhibition of BrdU incorporation. The compounds of 
the invention are generally active at InM to IOOmM in this test. 

( d ) In Vitro ce ll cvcle analysis assay 

This assay determines the ability of a test compound to arrest cells in specific phases ' 
of the cell cycle. Many different mammalian cell lines could be used in this assay and S W620 
cells are includedhere as an example. SW620 cells were seeded at 7 x 10 5 cells per T25 flask ; 
(Costar) in 5 ml 1,15 (5% PCS, 1% L-glutamine). Flasks were then incubated overnight in a 
humicufied37 0 Ci„cuba^ ^ 
20 glutamine) carrying the appropriate concentration of test compound solubilised in DMSO was 
added to the flask. A no compound control treatment was also included (0.5% DMSO) The 
cells were then incubated for a defined time (24 hours)with compound. After this time the 
media was aspirated from the cells and they were washed with 5ml of prewarmed (37°C) 
sterile PBSA, then detached from the flask by brief incubation with trypsin and followed by 
25 resuspension in 5ml of 1% Bovine Serum Albumin (BSA, Sigma-Aldrich Co.) in sterile 
PBSA. The samples were then centrifuged at 2200rpm for 10 min. The supernatant was 
aspirated to leave 200* of the PBS/BSA solution. The pellet was resuspended in this 200* of 
solution by pipetting 10 times to create a single cell suspension. One ml of ice-cold 80% 
ethanol was slowly added to each cell suspension and the samples stored at -20°C overnight or 
30 until required for staining. Cells were pelleted by centrifugation, ethanol aspirated off and 
pellets resuspended in 200* PBS containing lOOug/ml RNAse (Sigma Aldrich) & lOug/ml 
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Propidium Iodide (Sigma Aldrich). Cell suspensions were incubated at 37°C for 30min, a 
further 200uJ PBS added and samples stored in the dark at 4°C overnight. 

Each sample was then syringed 10 times using 21-guage needle. The samples were 
then transferred to LPS tubes and DNA content per cell analysed by Fluorescence activated 
5 cell sorting (FACS) using a FACScan flow cytometer (Becton Dickinson). Typically 30,000 
events were counted and recorded using CellQuest vl.l software (Verity Software). Cell cycle 
distribution of the population was calculated using Modfit software (Verity Software) and 
expressed as percentage of cells with 2N (G0/G1), 2N-4N (S phase) and with 4N (G2/M) 
DNA content. 

0 The compounds of the invention are generally active in this test at InM to lO^M. 



The invention will now be illustrated in the following non limiting examples, in which 
standard techniques known to the skilled chemist and techniques analogous to those described 
in these examples may be used where appropriate, and in which, unless otherwise stated: 

15 (i) evaporations were carried out by rotary evaporation in vacuo and work up procedures were 
carried out after removal of residual solids such as drying agents by filtration; 
(ii) operations were carried out at ambient temperature, typically in the range 18-25°C and in 
air unless stated, or unless the skilled person would otherwise operate under an atmosphere of 
an inert gas such as argon; 

20 (iii) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were performed on Merck Kieselgel silica (Art. 9385); 

(iv) yields are given for illustration only and are not necessarily the maximum attainable; 

(v) the structures of the end products of the formula (I) were generally confirmed by nuclear 
(generally proton) magnetic resonance (NMR) and mass spectral techniques; proton magnetic 

25 resonance chemical shift values were measured in deuterated dimethyl sulphoxide (DMSO de) 
(unless otherwise stated) on the delta scale (ppm downfield from tetramethylsilane) using one 
of the following four instruments 

- Varian Gemini 2000 spectrometer operating at a field strength of 300 MHz 

- Bruker DPX300 spectrometer operating at a field strength of 300MHz 
30 - JEOL EX 400 spectrometer operating at a field strength of 400 MHz 

- Bruker Avance 500 spectrometer operating at a field strength of 500MHz 
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Peak multiplicities are shown as follow* a, a^ d , douWet . ^ douMe ( _ 
quartet; qu, quintet; m, multiplet; br a, broad singlet; 

(vi) robotie synthesis waa carried ou, using a Zymate XP robot, with solution additions via a 
Zymate Master Laboratory Station a„ d steed „, , Stem RS500Q Reacto . Statjon ^ ^ 
5 vn) work up and purification of reaction mixtures from robotic synthesis was carried out'aa 
follows: evapomtiona wem carried out In vacuo using a Genevac HT 4; column 
chromatography was performed using either an Anachem Sympur MPLC system on silica 
ustng 27 mm diameter columns Alien with Merck silica (60 „m, 25 g); the structures of the 
final products were confirmed by LCMS ai quid chromatography mass spectrometry) on a 
to Wa*rs 2390 / ZMD micromass system using tire foUowing and are quoted as retain time 
(RT) in minutes: 

waters symmetry C18 3.5 fim 4.6x50 mm 
H 2 0 

CH 3 CN 

MeOH + 5% HCOOH 
2.5ml/min 

5 minutes with a 4.5 minute gradient from 0-100% C 
254 nm, bandwidth 10 nm 
ZMD micromass 
0.005 ml 

perforation a Waters AllianceHT system using rhe foUowing and am quored as retention 
ume (RT) in minutes: 



Column: 
Solvent A: 
Solvent B: 
15 Solvent C: 
Flow rate: 
Run time: 
Wavelength: 
Mass detector: . 
20 Injection volume 



Column: 
25 Solvent A: 
Solvent B: 
Solvent C: 
How rate: 
Run time: 

30 

Wavelength: 
Injection volume 
Mass detector 



2.0 mm x 5 cm Phenomenex Max-RP 80A 
Water 

Acetonitrile 

Methanol / 1% formic acid or Water / 1% fonnic acid 

1.1 ml/min 

5 minutes with a 4.5 minute gradient from 0-95% B + constant 5% 
solvent C 

254 nm, bandwidth 10 nm 
0.005 ml 
Micromass ZMD 
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(ix) Preparative high performance liquid chromatography (HPLC) was performed on either 
- Waters preparative LCMS instrument, with retention time (RT) measured in minutes: 



Column: 
Solvent A: 
5 Solvent B: 
Flow rate: 
Run time: 
Wavelength: 
Injection volume 
10 Mass detector : 



(3-basic Hypercil (21x100 mm) 5/im 
Water / 0.1% Ammonium carbonate 
Acetonitrile 
25 ml / min 

10 minutes with a 7.5 minute gradient from 0*100% B 
254 nm, bandwidth 10 nm 
1 - 1.5 ml 
Micromass ZMD 



Gilson preparative HPLC instrument, with retention time (RT) measured in minutes: 



Column: 
Solvent A: 
Solvent B: 
15 Flow rate: 
Run time: 
Wavelength: 
Injection volume 



21 mm x 15 cm Phenomenex Luna2 C18 
Water + 0.1% trifluoracetic acid, 
Acetonitrile + 0.1% trifluoracetic acid 
21 ml / min 

20 minutes with various 10 minute gradients from 5-100% B 
254 nm, bandwidth 10 nm 
0.1-4.0 ml 

(x) intermediates were not generally fully characterised and purity was assessed by thin layer 
20 chromatography (TLC), HPLC, infra-red (IR), MS or NMR analysis. 
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15 
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Example 1 - Preparation of compound 1 in table 1 - 2-(4-{r7-(3-chloropropoxv)-6- 
methoxvauinazoIin-4-Y]1amino}-l#-l^^ 

2-(4-amino-l//-l,2,3-triazol-l-y0^ (400 mg, 1.7 mmol) 

5 was added to a solution of 4-chloro-7-(3-chloropropoxy)-6-methoxyquinazoline (488 mg, 1.7 
mmol) in dimethyl acetamide (15 ml). A solution of hydrochloric acid in dioxane (4.0 N, 235 
jtil, 1.7 mmol) was added to the reaction mixture and the resulting solution was heated at 90 
°C for 50 minutes causing a dense precipitate to form. The reaction mixture was cooled and 
diluted with isopropanol. The solid was recovered by suction filtration, washed with ethyl 
10 acetate and dried in vacuo to give compound 1 in table 1 (860 mg, 85 % yield) : 

^-NMR (DMSO d<0 : 9.05 (s, 1H), 8.72 (s, 1H), 8.37 (s, 1H), 7.61 (m, 1H), 7.43 (s, 1H), 
7.36 (m, 2H), 6.93 (t, 1H), 5.51 (s, 2H), 4.35 (t, 2H), 4.04 (s, 3H), 3.85 (t, 2H), 2.33 (m, 2H) : 
MS (+veESI): 486.1 (M+H) + . 

2-(4-amino-lH~l,2,3-triazol-l-yl)^-(3-fluorophenyl)acetamide, used as starting material, was 
15 obtained as follows: 

a) Ethyl azidoacetate (3.96 ml of a 3.26 N solution in dichloromethane, 10 mmol) was 
added to a solution of propiolic acid (700 mg, 10 mmol) in toluene (5 ml) and the reaction 
heated at reflux for 1 hour. The reaction was cooled and the solid was recovered, washed with 
diethyl ether and dried in vacuo to give l-(2-ethoxy-2-oxoethyl)-lH-l,2,3-triazole-4- 

20 carboxylic acid (1.4 g, 70 % yield) : 

l H-NMR (DMSO d 6 ) : 8.67 (s, 1H), 5.46 (s, 2H), 4.19 (q, 2H), 1.23 (t, 3H) : 
MS (+veESI): 200.2 (M+H) + . 

b) Diphenylphosphoryl azide (11.7 g, 42 mmol) was slowly added to a suspension of 1- 
(2-ethoxy-2-oxoethyl)-lH-l,2,3-triazole-4-carboxylic acid (7.56 g, 38 mmol) in a mixture of 

25 dry dioxane (100 ml) and 2-methylpropan-2-ol (50 ml) under argon. The solution was slowly 
heated to reflux and heated at reflux for 5 hours. The reaction mixture was cooled, 
concentrated in vacuo, and the residual oil diluted with a mixture of ethyl acetate (100 ml) and 
diethyl ether (50 ml). The solution was washed with water and brine before being 
concentrated in vacuo. Purification by chromatography on silica gel, eluting with 

30 dichloromethane : ethyl acetate (9:1 to 7:3) gave ethyl {4-[(/er/-butoxycarbonyl)amino]-l//- 
1,2,3-triazol-l-yl} acetate as a white solid (5.52 g, 54 % yield) : 

*H-NMR (DMSO d*): 10.05 (s, 1H), 7.94 (s, 1H), 5.31 (s, 2H), 4.17 (q, 2H), 1.46 (s, 9H), 1,22 
(t, 3H) : 
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MS (+ve ESI) : 271.3 (M+H)*. 

O A soludon of ethyl (^-K^^y^bonyl^noHfrl AS-riazol-l-yi}^ (2 7 
g, 10 mmol) in edranol (54 ml) and 2.0 N aqueous sodium hydroxide (10 ml, 20 mmol) waa ' 
stmed at ambien, temperature f or 3 hours. The pH of me solution was then adjusted to 7 the 
5 solvent waa evaporator, in vacuo, and the p H was adjustedto 3. The precipitate was collected 
by suction ffltaruon, washed with waters dried to give (4- t (,e„-bu to xycarbonyl)ami„o]. 
l#-l,2,3-triazol-l-yI}acetic acid (2.35 g, 97 * yield) : 
'H-NMR (DMSO <■«) : 10.03 (s, 1H). 7.91 (a, 1H), 5.19 ( s , 2H), 1.46 (s 9H) • 

MS (+ve BS1): 243.2 (M+H)*. 
10 d) 3-Fluoroaniline (670 mg, 6 mmol) was added to a solution of {4-[(,a« 

bumxycrutonyDaminoJ-lftL^W^oH-y,,^ ^ (1 . 21 & , ^ fa 

formamide (12 ml) and diisopropylethylamine (770 mg, 6 mmol) 

O-a-azat^mazol-l-yO-NW^-m^^^ hexaflaorophosphate Q8 

below 30 C. The mixture was stirred for 40 minutes, dUuted with ethyl achate (40 ml) and : 
dtethyl ether (40 ml) and then washed with i) sodium bicarbonate solution ii) 0 5 N 
hydrochloric acid and iii) brine. The organic phase was concentrated in vacuo to give ten- * 

20 'H-NMR (DMSO *, : X0.65 (s. 1H), 10.04 (s, 1H), 7.95 (m, 1H) , 7.55 (m, IH), 7 38 (m 1H) 
7.30 (d, IH), 6.93 (m, IH), 5.28 (s, IH), 1.46 (s, 9H) : ^' 
MS (+ve ESI): 336.2 (M+H)*. 

e) IMfluomacetic acid (6 ml) was added to a suspension of «„-butyl (l-(2-[(3 

K^^^y^mvm-^.^^*^ (] .5 & 4 . 5 ^ ta 

.5 dtchloromemane (12 ml), and me reactton was steed a. 45 »C for 1.5 hour, Tne solvents 
were evaporated in vacuo and aqueous sodium bicarbonate solutton (25 ml) was added 
Extmcten with ethy, acetate, Mowed by solvent evaporation in vacuo gave 2-(4-annno- 1H - 
1 AS-tnazol-l-yD-AT-O-fluorophenyDacetamide as a beige solid (1.0 g, 95 % yield) • 
H-NMR (DMSO ds) : 10.60 (s, IH), 7.55 (m, IH), 7.37 (m, IH), 7.3 (m, IH) 715 (s ,H) 

30 6.92 (m,lH), 5.13 (s,2H), 4.73 (s,2H): 
MS (+ve ESI): 236.2 (M+H)*. 
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f) Palladium on carbon (3.3 g of a 10 % mixture) was added to a solution of 7- 
(benzyloxy)-6-memoxyquinazoIin-4-(3H)-one (20 g, 71 mmol) (prepared according to 7. Med. 
Chem. 1999, 42, 5369-5389) suspended in dimethylformamide (530 ml). Ammonium formate 
(45 g, 710 mmol) was then added portion-wise over 1.25 hour. The reaction mixture was 

5 stirred for an additional 0.5 hour and the catalyst was removed by filtration. The solvent was 
removed in vacuo to yield 7-hydroxy-6-methoxyquinazolin-4-(3H)-one (8.65 g, 64 % yield) : 
'H-NMR (DMSO d 6 ) : 7.91 (s, 1H), 7.45 (s, 1H), 7.01 (s, 1H), 3.90 (s, 3H). 

g) A mixture of 7-hydroxy-6-methoxyquinazolin-4-(3H)-one (8.0 g, 41 .6 mmol), pyridine 
(7.5 ml) and acetic anhydride (63 ml) was heated at 100°C for 4.5 hours and left to cool to 

10 ambient temperature for 18 hours. The reaction mixture was poured into ice/water (400 ml) 
and the resultant precipitate collected by filtration and dried in vacuo. Analysis revealed that 
hydrolysis of the acetate group on the 4 position of the quinazoline was incomplete. The 
mixture was therefore treated with water (150 ml) and pyridine (0.5 ml) at 90 °C for 15 
minutes. The reaction was cooled and the solid was collected by filtration, washed with water 

15 and dried in vacuo to yield 7-(acetoxy)-6-methoxyquinazolin-4-(3H)-one (7.4 g, 76 % yield) : 
*H-NMR (DMSO : 8.05 (s, 1H), 7.65 (s, 1H), 7.45 (s, 1H), 3.90 (s, 3H), 2.31 (s, 3H). 

h) Dimethylformamide (0.5 ml) was added to a solution of 7-(acetoxy)-6- 
methoxyquinazolin-4-(3H)-one (2.0 g, 8.5 mmol) in thionyl chloride (32 ml) and the reaction 
mixture was heated at reflux for 1.5 hours. Upon cooling to ambient temperature, the thionyl 

20 chloride was removed in vacuo and azeotroped with toluene. The residue was diluted with 
dichloromethane (15 ml), a solution of 10 % ammonia in methanol (80 ml) added and the 
mixture heated at 80°C for 10 minutes. Upon cooling to ambient temperature, the solvent was 
evaporated to almost complete dryness, water was added and the pH adjusted to 7 with dilute 
hydrochloric acid. The resultant precipitate was collected by filtration and dried in vacuo at 35 

25 °C for 18 hours to yield 4-chloro-7-hydroxy-6-methoxyquinazoline (1 .65 g, 92 % yield) : 
'H-NMR (DMSO de) : 8.81 (s, 1H), 7.40 (s, 1H), 7.25 (s, 1H), 4.00 (s, 3H). 

i) Triphenylphosphine (2.6 g, 10.1 mmol) and 3-chloropropanol (0.69 ml, 8.2 mmol) 
were added to a suspension of 4-chloro-7-hydroxy-6-methoxyquinazoline (1.65 g, 7.8 mmol) 
in dichloromethane (100 ml) under argon. The flask was placed in a water bath at 20 °C and 

30 di-rerr-butyl azodicarboxylate (2.30 g, 10.1 mmol) added portion wise over a few minutes. 
The reaction mixture was stirred at ambient temperature for 2 hours before solvent 
evaporation in vacuo. Purification by flash chromatography on silica gel, eluting with ethyl 
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^n.TT 6ther (3:7> **" ^^^^-^y^n^ 

U.0 g, 91 % yield) ; 

'H-NMR (PMSO d.) : 8.90 (s, IB). 7.55 (s. 1H), 7.45 (a, IH), 4.42 (m, 2H), 4 05 (s 3H> 
3.80 (m,2H), 2.31 (m,2H). & ^ 

5 

Examnl«^.^v. rn ^-. lofra , m „„ 1 , r , J 2in(aM>1 ^ ^ ^ 
fhl. ro pm Pm)q ,, in , T0 i ln 4 vitamin-Li ^ h^,,.,.^ 

SffijcaiSa aDaaaaJiis " 

2<4-a m ino.l»-l,2,3-tda 2 ol-l.yl)- W . (3 .fl uorophen yOacetamide (446 mg 1 9 mmoll 

4.0 N, 475 (d, 1.9 -« was added to the reacdon mixnne and the resnldng aoMon waa 

^ve^byaochonfihr^ Waahing rhe aolid with ethy, acetate and diethyl ate, 
.5 M Wed by proiongeri drying vacuo , ^ compolmd 2 jn : 

,0 ^' 7 - (3 - ChI0 ^ M ^«-. — - the atardng material waa obtained as . 

a) Formamidine acetate (20 13 o- i ,± t™™„i\ , , 

euue g, 193.4 mmol) was added to a solution of 2-amino-4- 

reflux for 18 hou*. The reaction waa cooied, concentrated and the reaidne atined in 
as ZZ T 0 ""™ hydrOXi<te M N> "* ** 1 ^ ~ - fl-ercd. 
off-white solid (10.35 g, 65% yield): 

■™ CPMSO d.) : 12.32 (br a, 1H>, 8.19 (dd, 1H>, 8.14 (a, 1H>, 7.45 (n, 1H), 7.39 (m, 

19 F-NMR (DMSOdo): -105 (m) : 
30 MS(-veESI):163(M-H)\ 
MS (+veESI): 165 (M+H) + . 

b) Sodinm hydride (14.6 g, 365 mnro!) waa addeo a. 0 °C to a soUrtion of U-pr^edio. 
(27.8 g, 365 mnro.) rn drrnethytfonnarnide (70 nrl). 7-fluoro-aninazoH^ (10 g , L Lno.) 
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was added portion-wise and the reaction mixture heated at 60 °C, then at 100 °C for 3 hours. 
The reaction was cooled to 0 °C, quenched with water (280 ml) and adjusted to pH 5.9. The 
resulting suspension was filtered, washed with water then diethyl ether and dried over 
phosphorus pentoxide to yield 7-(3-hydroxypropoxy)quinazolin~4-ol as a white powder (12.4 
5 g, 92 % yield) : 

*-HNMR (DMSO d 6 ) : 11.90 (br s, 1H), 8.04 (s, 1H), 8.00 (d, 1H), 7.10 (m, 2H), 4.17 (t, 2H), 
3.58 (t,2H), 1.92 (m,2H): 
MS (+veESI): 221 (M+H) + . 

c) Dimethylformamidc (1 ml) was added to a mixture of 7-(3- 
10 hydroxypropoxy)quinazolin-4-ol (10.5 g, 47.7 mmol) and thionyl chloride (100 ml, 137 
mmol) and the reaction mixture heated to 85 °C for 1 hour. The mixture was cooled to 
ambient temperature, diluted with toluene and evaporated to dryness. This was repeated until 
all thionyl chloride was removed. The residue was dissolved in dichloromethane and washed 
with a saturated sodium bicarbonate solution. The aqueous layer was extracted with 
15 dichloromethane and the combined organics were dried (magnesium sulphate) and 

concentrated to leave a yellow solid. Trituration with diethyl ether removed a less soluble 
impurity and the diethyl ether filtrate was concentrated to yield 4-chloro-7-(3- 
chloropropoxy)quinazoline as an off-white solid (8.5 g, 70 % yield) : 

'H-NMR (DMSO d 6 ) : 13.25 (br s, 1H), 8.34 (s, 1H), 8.06 (d, 1H), 7.17 (m, 2H), 4.21 (t, 2H), 
20 3.83 (t, 2H), 2.23 (m, 2H). 

MS (+ve ESI): 257, 259 (M+H) + . 

Example 3 - Preparation of compound 3 in table 2 - A^-(3>fluorophenyl)-2^f4-r(7-{3-r(2- 
hydroxyethYl)(propyI)amino1propo 
25 triazol-l-yllacetamide 

2-(4-{ [7-(3-chloropropoxy)-6-m 
JV-(3-fluorophenyl)acetamide (137 mg, 0.23 mmol) was added to a solution of 2- 
(propylamino)ethanol (95 mg, 0.92 mmol) in dimethylacetamide (0.5 ml) in the presence of 
potassium iodide (76 mg, 0.46 mmol) and the reaction was heated under argon at 95 °C for 3 
30 hours. The reaction was cooled, the solvent was evaporated in vacuo and the residue was 
purified by preparative LCMS. The fractions containing the desired compound were 
combined, evaporated in vacuo and the residue was dissolved in a mixture of dichloromethane 
(5 ml) and methanol (5 ml). Addition of a small volume of diethyl ether caused precipitation 
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of a solid which was collected by suction filtraH™ a ^ a -a . 

«"«»»S5. W , U ° nflIta, -™ a " d *= d '»- a0 ,„ gi veco m pou„ d 3 fa 
2H), 7.34 (d, IH), 6.95 ft. 1H>, 5.50 (s, 2H), 4.38 ,H), 4.32 ( m , 2H) 4 03 ft 3ffi ,« 
MS (+veESI): 553.3 (M+H) + . 

feaki^a^ , 14in „,„,,, , 

A. ana.ogou, reactioa to that describedta example 3, bu, storting with (2S>- 

" ST4r^ de, " A):9OT<S '^ 8 - 73(S '^ 8 - 39(S -^' 7 -«^^7.40( m ^ 

v i, (m, 2H), 2.13 (m, 1H), 2.04 (m, 1H) 1 90 Cm itrk 1 ™ ✓ ,™ . 

MS (-fveESD : 551.3 (M + H) + . ( ' ^' L?9 (m ' 1H) : 



-triazol-l- 



20 pf ^^^ "" of 

^^mmEr SES i } ^^ B SSB ^^^^ ; 

yllacetamiri* ~ 1 5 

25 k ro P^n°)ethano^ u 
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'H-NMR (DMSO d 6 , TFA) : 9.11 (s, 1H), 8.92 (d, 1H), 8.72 (s, 1H), 7.60 (d, 1H), 7.53 (m, 
1H), 7.40 (m, 1H), 7.34 (m, 2H), 6.94 (t, 1H), 5.51 (s, 2H), 4.33 (t, 2H), 3.79 (t, 2H), 3.35 (m, 
2H), 3.27 (m, 2H), 3.15 (m, 2H), 2.26 (m, 2H), 1.73 (m, 2H), 0.95 (m, 3H) : 
MS (+ve ESI): 523.0 (M+H) + . 

Example 6 - Preparation of compound 6 in table 2 - A^-(3-fluoropheny]')-2-{4-r(7-f3-r(2iS')- 

2-(hvdroxvmethvl)pyiToIidin-l-vHpropoxy>quinazoIin-4-yl)amino1-lfi r -l,2.3-triazoI-l- 

yllacetamide 

An analogous reaction to that described in example 5, but starting with (2S)- 
pyrrolidin-2-y]methanol (105 mg, 1.12 mmol), yielded compound 6 in table 2 (60 mg, 41 % 
yield) : 

X H-NMR (DMSO d*, TFA) : 9.10 (s, 1H), 8.91 (d, 1H), 8.71 (s, 1H), 7.60 (d, 1H), 7.53 (m, 
1H), 7.40 (m, 1H), 7.34 (m, 2H), 6.94 (t, 1H), 5.51 (s, 2H), 4.33 (t, 2H), 3.78 (m, 1H), 3.63 
(m, 4H), 3.27 (m, 1H), 3.19 (m, 1H), 2.27 (m, 2H), 2.14 (m, 1H), 2.04 (m, 1H), 1.91 (m, 1H), 
1.80 (m, 1H) : 

MS (+ve ESI): 521.0 (M+H) + . 
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CLAIMS 



What we claim is: 

1 . A compound of formula (I) 




H 




R5 



formula (I) 

or a salt, ester or prodrug thereof; 
where: . . 

10 XisOorNR 6 ; 

K 6 is hydrogen or Ci^alkyl; 

R 1 is hydrogen, halo, or -X^ 1 1 ; 

X 1 is a direct bond, -O-, -NH- or -NCd^alkyl)-; 

R 11 is hydrogen, heterocyclyl or a group selected from C^alkyl, C^alkenyl, C^alkynyl, C 3 . 
15 6 cycloalkyl and C 3 ^cycIoalkenyl where the group is optionally substituted by heterocyclyl, 
halo, hydroxy C^alkoxy or -NR 9 R 10 ; 
R 2 is hydrogen, halo, nitro, cyano or -X 2 R 12 ; 
X 2 is a direct bond, -O-, -NH- or-NCQ^alkyl)-; 

BP is hydrogen, heterocyclyl or a group selected from aryl, C^alkyl, C^alkenyl, C^alkynyl, 
20 C^cycloalkyl and C 3 _ 6 cycloalkenyl where the group is optionally substituted by aryl, 
heterocyclyl, halo, hydroxy or -NR I5 R 16 ; 
R 3 is hydrogen, halo or-X 3 R 13 ; 

X 3 is a direct bond, -CH 2 =CH 2 -, -O-, -NH- or -N(C,^alkyl)-; 

R 13 is hydrogen, heterocyclyl or a group selected from C^alkyl, C^alkenyl, C^alkynyl, C 3 . 
25 ecycloalkyl and C^cycloalkenyl where the group is optionally substituted by -NR 7 R 8 , 
heterocyclyl, halo, hydroxy or Cj^alkoxy; 
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R 7 and R 8 are independently selected from hydrogen, heterocyclyl, Chalky!, hydroxyd- 
ealkyl, C,. 3 alkoxyCi^allcyl, C 3 . 6 cycloalkyl, C 3 , 6 cycloalkylCi. 3 alkyl, hydroxyC 3 ^cycloalkyl, 
hydroxyd^alkyld-scycloalkyl, hydroxyC 3 ^cycloalkylCi. 3 alkyl, Ci. 3 alkoxyC 3 . 6 cycloalkyl, Ci- 
salkoxyCa^cycloalkyld.aalkyl, halod-ealkyl, haioQwcycloalkyl, haloC 3 . 6 cycloalkylC,. 3 alkyl, 
5 C 2 ^alkenyl, C^alkynyl, cyanoCi^alkyl, aminoCi^alkyl, Ci. 3 alkylaminoCi. 6 alkyl and di(d- 
3 alkyl)aminoCi^alkyl; 

orR andR together with the nitrogen to which they are attached form a heterocyclic ring 

which ring comprises 4 to 7 ring atoms of which one is nitrogen and of which another is 

optionally selected from N, NH, O, S, SO and S0 2 , and which ring is optionally substituted on 
10 carbon or nitrogen by 1 or 2 groups independently selected from C M alkyl, hydroxy, d- 

4 alkoxy, hydroxyCi^alkyl, hydroxyC^alkoxyCwalkyl and C^alkoxyC^alkoxy, and where a 

ring -CH 2 - is optionally replaced with -C(0)-; 

R 4 is selected from hydrogen, halo or -X 4 R 14 ; 

X 4 is a direct bond, -O-, -NH- or -N(Ci_ 6 alkyl)-; 
15 R 14 is selected from hydrogen, d. 6 alkyl, C 2 . 6 alkenyl and C 2 . 6 alkynyl; 

R s is aryl or heteroaryl optionally substimted by 1, 2 or 3 substituents independently selected 

from halo, hydroxy, cyano, nitro, amino, C^alkylamino, di(d-4alkyl)amino, d^alkyl, C 2 . 

4 alkenyl, Q^alkynyl, C^alkoxy, CONHR 17 , NHCOR 18 and S(0) p R 19 where p is 0, 1 or 2; 

R 9 , R 10 , R 15 andR 16 are independently selected from hydrogen, d-ealkyl, C 3 . 6 cycloalkyl, C 3 . 
20 (scycloalkylCsalkyl, hydroxyC^alkyl, haloC^alkyl, aminoC,. 6 alkyl, d-calkylaminod-ealkyl 

and fuXCi-fialky^aminod^alkyl; 

R 17 , R 18 and R 19 are independently selected from hydrogen, C M alkyl, d-^cycloalkyl, C 2 . 
4 alkenyl and d^alkynyl. 

25 2. A compound of formula (IA) 




formula (IA) 
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whe rc X,R\R^ R 4 andR 5 m M . n to fonnulaCOinclaim l ^ 
R 18 hydrogen, halo or -X 3 R ,S '; 

X 3 ' is a direct bond, -CH 2 =CHV, -O-, -NH- or -NCCsalkyl)-; 

5 eeycloattenyl where the group is substituted by -NR 7 'R ! ' ; 

R" and R" are independently selected hydrogen, heierocyclyl, C^alfcyl 
phosphonooxyC^lkyi, CalkoxyC^alky,, phosphonooxyC^alkoxyC, .alky, C , 
.cyclop, C^ycloarkylQ-saHcyl. phosphonooxyC^ycioaiky,, phosphonooxyC^alkylc, 

10 ^W.^.b.uoc,^.^^^^^,^ » * 

« C^y,, cyanoC M alkyl, aminoC.sa.kyl, C^alKylaminoC^alky! and'di(C, 
^« ^ I^vided that at leas, one of R'WR^eonUnna a phoaphonooxy 

or R* and R* together withrhe nitrogen ,o whieh they are aaacher. form a heterocychc ring 
winch nng comprises 4 to 7 ring atoms „, which one is ^ ^ Qf wMch 

nrr D TT temN,mo ' s,s ° Mds ^ mdwwchri " gissu ^°"-^or 

mfrogen by 1 or 2 groups independently seleeted ftom phoaphonooxy. phoshonooxyC u alkyl 
-* PhosphonooxyC^lkoxyC^ky., and where a ring -CH, u optionally rep.aeed „Z- 



C(0)- 

20 

3 



A compound according to claim 1 or claim 2 for u Se as a medicament. 



4. The ^ * compound acco^^ 

^ c ^tf W *et^ 
25 kinase(s) is beneficial. 

Lo T' "T"" 8 '° ° Iaim 4 WheK ^ M mm Auroia "« » - Anrota-A kinase 
and/or Aurora-B kinase. 

30 2'ora t P ^~ Wa0nC ^ SinSaM ~~^^ 
2 or a phannaeeuueally accept sa>, ester orprodrug thereof, in associatjon wift a 
pharmaceutically acceptable diluent or carrier. 
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7. A process for the preparation of a compound according to claim 1 or a 
pharmaceutically acceptable salt, ester or prodrug thereof, which process comprises reacting 
compound of formula (II) 



5 




where L is a suitable leaving group such as chloro, bromo, SMe 
with a compound of formula (HI) 




R5 



HX 

io (m) 

in the presence of hydrochloric acid in dioxane under an inert atmosphere, 
and thereafter if necessary: 

i) converting a compound of the formula (I) into another compound of the formula (I); 

ii) removing any protecting groups; 

15 iii) forming a pharmaceutically acceptable salt, ester or prodrug thereof. 

8. A process for the preparation of a compound according to claim 2 or a 
pharmaceutically acceptable salt thereof, which process comprises phosphorylation of a 
compound according to claim 1, followed by deprotection of the phosphate group to yield a 
20 compound according to claim 2. 
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ABSTRACT 



miMi CHEMICAL COMPOUNDS 

Quinazoline derivatives of formula (D 




formula (I) 



fa - in I. tamamt „f proliferaaye ^ sncJj 
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